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ABSTRACT
WHAT DO STUDENTS DO IN SELF-FORMED MATHEMATICS STUDY GROUPS?
by
Gillian Galle 
University of New Hampshire, May, 2013
An implicit assumption of many university classes is that students will spend a 
large amount of time outside the classroom refining their understanding of the material to 
develop mastery of the concepts. This is especially true in first year mathematics 
courses at the undergraduate level. However, little is known about what students do to 
fulfill this didactical contract with their instructors. The currently available research relies 
primarily on self-reported data from the students collected through questionnaires or 
interviews. This study sought to start describing what students do while studying 
mathematics in a self-created group outside of the classroom setting through direct 
observation.
In particular, this study provides a mathematical foundation for determining study 
groups, identifies what materials students utilize while studying together, develops a 
method for describing the activities that occur over the course of a study session through 
the use of macrotasks and microtasks, and identifies what roles students enacted during 




Mathematics can be challenging for many students, especially the mathematics 
students are required to take during their first few years of college. It has been 
suggested that courses such as precalculus and calculus act as filters that contribute to 
the retention problems being experienced at universities (Ferrini-Mundy & Graham, 
1991).
1.1. Rationale
Among the top reasons students give for withdrawing from a course are: (1) that they 
were not happy with their grades or (2) they didn’t understand the material (Dunwoody & 
Frank, 1995). Students that approach their instructors seeking to improve either their 
grade or their understanding of the material are often offered advice on how they can 
better prepare themselves for class. This advice typically includes instructing the 
students to structure their time spent studying outside of class, to practice additional 
problems beyond the ones that are assigned for homework, and, if they are struggling 
while working alone, to try studying with a group of peers.
These suggestions are in line with the recommendations I’ve received from 
instructors over the years and with the advice proffered student study guides (Alcock, 
2013; Dahlke, 2011; Pauk & Owens, 2013). Alcock’s Howto Study as a Mathematics 
Major (2013) and Pauk & Owens’s How to Study in College (2013) both spend a page or 
so addressing the benefits of studying with a group. However, neither of these guides is 
prescriptive about what students should do or even descriptive about what levels of 
participation students might chose from during group study sessions.
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Not knowing what the students do in their study groups is especially problematic 
considering how much of the conceptual learning instructors expect students to do on 
their own outside of the classroom. Instructors often infer the existence of an implicit 
contract between them and their students in which the instructor will provide an outline of 
the material the students need to know and it is up to the students to learn the required 
material (Wu, 1999). Wu elaborates on this assumption by stipulating that “in order to 
learn what is taught in class, students must be willing to spend two to three times the 
amount of time by themselves” studying the material (1999, p. 269). As college 
instructors still primarily lecture for the duration of the class time, leaving students little to 
do other than take notes and listen (Pemberton, et. al., 2004), it remains up to the 
students to put in the time and effort to develop a mastery of the material outside of the 
classroom.
Furthermore, there is research that suggests modeling ideal mathematical behaviors 
in the classroom can help a student to develop his intellectual autonomy (Yackel &
Cobb, 1996). That is, students may adopt the behaviors illustrated in class and enact 
them on their own outside of the classroom as they engage with mathematical material. 
Thus from a theoretical perspective, it is important then to consider whether this transfer 
is actually taking place and what its implications are for student learning.
This issue really struck home for me one semester when I was the instructor for a 
large lecture calculus course. I held scheduled office hours and over the course of the 
semester I developed a group of regular office hour attendees. A day or so before an 
exam, I witnessed this group exchanging email addresses and phone numbers at the 
end of office hours. As I listened to their conversation it became clear that they had 
taken it upon themselves to organize a study session together before the exam. This 
discovery left me both elated and curiously frustrated. On the one hand, I couldn’t have
been more proud that my students had taken it upon themselves to work together 
outside of class. Yet, I realized that I had no idea what their studying would look like.
I knew these students would most likely have access to their notes from class, the 
course textbook which was full of problems for extra practice, and, at least on this 
occasion, a set of review problems specific to the upcoming exam. However, I did not 
know whether they would bring laptops, additional texts, or other material resources with 
them to the study session. Without this knowledge, I realized I could not make 
suggestions to them regarding what additional materials they should have on hand.
Additionally, I had no idea how the students would work together to meet their 
objective of preparing for the exam. Would they just work through the list of review 
problems I had provided in a linear fashion or would they identify concepts they were 
struggling with to focus their studies? I remained in the dark on how they would share 
information with each other and what their interactions would look and sound like. If one 
of the members of the group was confused about a concept or a solution to a problem, 
who helped resolve the issue? Would one individual step forward as the authority or 
would it be a group effort? While I may have been able to make some educated guesses 
based on their performance at office hours, I realized my presence during office hours 
might keep some of the students from offering to share their explanations of the 
concepts.
There is some evidence that suggests students develop better understanding of the 
material when working with their peers than through studying alone (Treisman, 1985). 
This may even be the result of the lack of the teacher’s presence. “Piaget felt that 
children’s discussions with adults are unlikely to lead to cognitive restructuring because 
of the unequal power relations between adults and children” (Rogoff, 1990, p. 147). 
Unfortunately, the majority of the research that has been done on student interactions in
groups, and the roles that arise in these groups, addresses group work done while in a 
classroom setting (Marr, 2001; Parsons, Tran, & Gomillion, 2008; Rubel, 2006; Strom & 
Strom, 2002). Far less has been reported about how students conduct themselves when 
they work together outside of the classroom without the presence of an instructor or 
teaching assistant.
Furthermore, when students work together in the classroom, they are doing so with a 
specific goal or task in mind, often one assigned by the instructor who is able to provide 
immediate feedback or correction as needed. It is unknown whether student study 
groups form to go over specific tasks or whether the overarching goal that guides the 
students is just the belief that they need to study and practice to improve their 
understanding of the material. Thus, there are gaps in the currently available knowledge 
concerning how students actually work together outside of the classroom and their 
utilization of materials while studying.
1.2. Research Questions
Clearly there is much to be addressed regarding what occurs in student study groups 
outside of the classroom. For many people, the first question that comes to mind is 
whether it is better to study in a group or alone. However answering such a question is 
beyond the scope of this study. A description of what activities actually occur within a 
student study group is needed before the efficacy of studying in a group setting can be 
addressed. In this way future research can better identify the similarities and differences 
found between group study and solitary study.
Thus I sought to start building the collection of relevant research describing the 
activities of self-formed student mathematics study groups by answering the following 
key questions:
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1. What roles, if any, do students exhibit while working together in a self-formed 
mathematics study group?
a. What macrotasks and microtasks do students engage in during a group study 
session?
b. Participation in which macrotasks and microtasks characterize a role that a 
student has assumed?
c. Do these roles change over time and, if so, why?
2. How does the content, and purpose (i.e. homework assignment, exam 
preparation, projects) of the study session impact the students’ patterns of 
interactions and their roles?
3. What resources (i.e. notes, textbooks, internet) are being used by the students 
during the study session and how are the materials being utilized?
1.2.1. Student Roles, Macrotasks, and Microtasks
Malcolm Gladwell acknowledges the importance of roles in The Tipping Point (2002). 
Gladwell identifies three roles enacted by individuals that cause fads to take off in 
society: connectors, mavens, and salesmen. As he describes the various characteristics 
of each type of individual, he also explains the role each of them plays in enabling a fad 
to spread. His point is that “the success of any kind of social epidemic is heavily 
dependent on the involvement of people with a particular and rare set of social gifts” (p. 
33). That is, each of these roles contributes a necessary element to this social 
experience.
This is not dissimilar to the assumption underlying the assignment of roles during 
group work in the classroom. Common practices for incorporating group work activities in 
the classroom prescribe assigning roles such as recorder, timer, questioner, and leader, 
among others, (Haury & Rillero, 1994; “Student Roles", 2010) to encourage students to
work together. Each of the assigned roles is expected to contribute a specific element to 
the interactions and behavior of the group that will enable the completion of its task or 
realization of a goal. These roles may not rely on the possession of Gladwell’s “rare set 
of social gifts,” but each of these roles contributes a necessary element to the group’s 
work. It makes sense then to observe which roles naturally arise when students set their 
own group goals to work towards. The assignment of roles also provides a structure to 
the group and the types of interactions that occur between its members.
As it was possible that the roles that arose in self-formed study groups would not be 
identical to those that get assigned during class group work, it was important to develop 
a method for identifying roles that was flexible enough to look for the known types of 
roles while still allowing for unexpected roles. Taking as given that the role a student 
assumes will have some influence on the student’s actions, it makes sense to focus on 
the tasks each student participates in and what the student contributes to those tasks in 
order to identify which role a student has assumed.
The tasks the students engage in over the duration of the study session break down 
into macrotasks and microtasks. Macrotasks are the main activities students participate 
in over the sessions where microtasks are the smaller tasks that students perform that 
contribute to performing the macrotasks. Once a provisional list of macrotasks and 
microtasks was established, I was able to look for patterns in the macrotasks and 
microtasks that each student participated in. I was then able to formulate an idea of 
which roles arose during certain macrotasks and microtasks in order to develop 
descriptions of the roles. As the identifications were based primarily on my observations, 
I confirmed my hypotheses through member-check interviews with participants that 
appeared to embody certain roles within their group.
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The list of macrotasks and microtasks also helps to address whether students 
change roles and, in some cases, why they change. Through observations of the 
students over multiple study sessions, it is possible to observe trends in which 
macrotasks and microtasks are performed by the group and how the students participate 
in these tasks. A change in the macrotasks and microtasks a student engages in should 
correspond to a change in the role the student is assuming in the group.
1.2.2. Purpose and Content of Study Sessions
Purpose and content of the study sessions had some impact on the roles assumed 
by the students within the observed groups. Just as individuals choose to structure their 
time and efforts differently depending on what they wish to get done, the interactions 
between individuals in a group change as the goals or focus of the group’s efforts 
change. Thus, the macrotasks and microtasks students choose to engage in could 
change to reflect the different reasons that prompt the groups to meet.
1.2.3. Material Resource Utilization
As I pointed out in my earlier anecdote, knowing which roles would arise in the study 
group and how the students would interact with each other was only part of the 
information I wish I had in order to provide better guidance. It was also important to know 
which resources the students would have on hand while they studied and how the 
students were interacting with them. In order to improve study behaviors, it is necessary 
to know how the materials are being used to answer questions that arise in the course of 
working through homework or exam review problems (Lithner, 2003).
In this context, the use of the term resource encompassed any artifact a student 
turned to in order to answer a question that is brought up by the group or to assess 
personal understanding. Hence, in addition to artifacts such as textbooks, websites, 
videos, class notes, homework assignments, and lists of review questions provided by
instructors, I considered the professor or teaching assistant to be potential resources. 
This is because students often seek out their professor in order to get their answers or 
solution strategies verified or to get insight into how to approach a problem, much like 
they use worked out solutions in a textbook, their class notes or other physical 
resources.
1.3. Summary
Given the amount of time students are expected to spend studying outside of the 
classroom, the actual activities students engage in that are dubbed “studying” play an 
important role in how the students learn mathematics. With so little currently known 
about what student study activities look like outside of the classroom, the research 
performed in this study stands to make several signification contributions.
First, this study develops a methodology for the direct observation of students while 
they study mathematics outside of the classroom. This provides a means to run 
additional studies designed to confirm findings that are based on self-reported data such 
as surveys and interviews.
Additionally, the identification of roles that students assume while working together 
outside of the classroom can offer a new perspective on the import of assigning roles 
during in-class group work. It may be that students take on roles in their groups outside 
of the classroom based on the roles they experience during in class group work. 
Alternately, there may be roles that occur outside of the classroom that are not typically 
assigned during in class group work.
Finally, the answers to these research questions will help establish a more detailed 
description of what transpires within student study groups outside of the classroom by 
providing information about the activities and tasks that occur during such sessions. 
Knowledge of what occurs in these study groups not only better equips instructors to
tailor the advice they dispense to study groups but also provides a basis for future 




This study rests upon two primary foundations. The first is comprised of the 
theoretical orientation and lens that govern how I make sense of data that will 
necessarily be highly qualitative in nature. As I sought to observe and describe events 
that naturally occurred within groups of students, my orientation had to be flexible 
enough to account for not only an individual’s actions but also how those actions 
compared to those expected and accepted by the group as a whole. Thus I used a 
sociocultural perspective while I observed and interpreted the interactions of the 
individuals that formed study groups. This perspective also informs the ideas of guided 
participation (Rogoff, 2003), communities of practice (Lave & Wenger, 1998; Wenger, 
1998) and social classroom norms and sociomathematical norms (Cobb & Yackel,
1996), all of which play integral roles in explaining the student interactions that occur in 
self-formed mathematics study groups. It is because of these beliefs that ethnography is 
the most appropriate research approach for the data collection and interpretation this 
study requires.
The second foundation my study relies upon is the literature on students working in 
groups and problem solving together that is currently available in the field of 
mathematics education research. Here there are many facets to be explored. I start with 
a review of what is currently known about student mathematical study behaviors outside 
the classroom. Then I identify the relevant research available on student group work in 
the classroom setting and student problem solving behaviors that can shed some light 
on what sorts of interactions one might expect to see in groups outside of the classroom,
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This chapter finishes with an overview of two analysis techniques demonstrated in the 
literature that will later be used to analyze portions of the data collected in this study: 
discourse analysis and social network analysis.
2.1. Theoretical Orientation 
The proposed study relies on the paradigms of ontology and epistemology. The 
theoretical lens of sociocultural theory, as well as the associated concepts of guided 
participation (Rogoff, 2003), communities of practice (Lave & Wenger, 1991), and social 
versus sociomathematical norms (Yackel & Cobb, 1996), all play important roles in 
determining how to situate this study in the currently available body of literature. The 
selection of these paradigms in conjunction with this theoretical lens directly influences 
the selection of the most appropriate research approach, in this case ethnography.
2.1.1. Paradigms and Lenses
Maxwell (2005) suggests that the term paradigm refers to “a set of very general 
philosophical assumptions about the nature of the world (ontology) and how we can 
understand it (epistemology)” (p. 36). Hence the question of determining the nature of 
the reality experienced by students in a study requires the adoption of an ontological 
philosophical assumption while an epistemological perspective will be necessary to 
make sense of this reality through my relation to the participants as observer. This is 
also in line with Cresswell (2007) who states that “with the epistemological assumption, 
conducting a qualitative study means that researchers try to get as close as possible to 
the participants being studied” (p. 18).
To satisfy these assumptions, this research project took place in a setting where 
participants could be observed in action in order to interpret the reality being 
experienced by the participants. Due to the nature of activity I observed, students
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working together in groups, it is important to address my perspectives on how this 
activity furthers students’ understanding and learning of mathematics.
2.1.1.1. Sociocultural Perspective
Sociocultural theory promotes viewing an individual’s cognitive development as the 
result of engagement in social activity. That is, that one cannot make sense of how an 
individual learns without taking into account the social interactions the student engages 
in while learning and the context surrounding the learning. There are two primary 
researchers credited with contributing this theory: Lev Vygotsky (1978) and Jean Piaget 
(1977). While both of these men acknowledge the importance of individuals working 
together and sharing differing perspectives in order to learn, their ideas on how 
individuals actually develop knowledge through social interactions vary.
2.1.1.1.1. Lev Vygotsky
From the perspective of Vygotsky (1978) and his student, Leont’ev (1978), the 
context surrounding the individual’s learning refers to the cultural and historical 
contributions that affect the creation of new knowledge as well as the social 
contributions. According to Vygotsky, “every function in the child’s cultural development 
appears twice: first on the social level, and later, on the individual level; first between 
people (interpsychological) and then inside the child (intrapsychological). This applies 
equally to voluntary attention, to logical memory, and to the formation of concepts. All the 
higher functions originate as actual relationships between individuals" (1978, p. 57).
Furthermore, Vygotsky developed the idea of zone of proximal development which 
he defined as "the distance between the actual developmental level as determined by 
independent problem solving and the level of potential development as determined 
through problem solving under adult guidance, or in collaboration with more capable 
peers" (1978, p. 86). This implies that one way students learn information that is at the
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edge of their zone of proximal development is to actively participate in knowledge 
building with an expert, some individual that possesses a higher level of understanding 
of the concepts or skills than the learner. This expert may take the form of an adult as 
Vygotsky specifically suggests, such as instructor, but could also be a peer whose 
understanding is more advanced. Thus while doing problems the social interactions are 
then focused on the expert guiding or challenging the learner in order to teach the 
learner the skills and tools necessary to succeed.
2.1.1.1.2. Jean Piaget
On the other hand, Jean Piaget’s theory of cognitive development suggests that 
children act on their environment to develop their understandings and increase their 
knowledge (Piaget & Smith, 1995). Thus one might interpret Piaget’s context 
surrounding learning as being primarily comprised of physical objects, such as tools, and 
conceptual artifacts, such as the knowledge created and held to be true by the culture 
and society that surrounds the child. In order to learn new information then, an individual 
must encounter ideas that contradict what he already knows through interactions with 
physical objects or knowledge possessed by his peers, forcing him to re-evaluate his 
current understanding. This re-evaluation will either result in an adjustment to his current 
belief or a complete replacement of the current knowledge with the newly acquired 
understanding.
From this perspective then, learning as a social activity occurs through the 
cooperative negotiation of understanding by peers of equal intellectual standing. 
According to Piaget:
Cooperation, in itself, constitutes a system of co-operations, i.e. of putting the 
operations of one partner into correspondence with those of others (which is itself an 
operation), of forming a union (which is another operation) of one partner’s
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intellectual acquisitions with those of others, etc. Moreover, in the case of conflict, it 
includes removing contradictions (which presupposes another operatory process) 
and, most importantly, of differentiating distinct points of view and introducing 
reciprocity among them (which is an operatory transformation). (Piaget & Smith,
1995, p. 309)
In this way, two students solving problems together may experience cognitive 
dissonance through the sharing and exchanging of ideas. This dissonance will lead the 
students to challenge their previous perspectives and potentially adopt new ones.
2.1.1.1.3. Summary
In the world of education, the context surrounding learning encompasses not only the 
material and its immediate presentation, but also that of the institution where the learning 
is occurring, the macro culture of the society, the micro culture of the classroom, and 
even the micro culture of the learning done in group work. In the case of group work 
outside of the classroom, it may be necessary to interpret the students’ interactions 
through two cultures, both that of the formal classroom and that of the group they have 
established for themselves. Hence there is a need to study the groups outside the 
classroom, not only to determine their culture, but also to look at what other contexts 
influence their behavior. There may be more than the classroom culture that impacts the 
formation of the study groups and how they behave.
Additionally, within the culture of the study group, the perspectives of both Piaget and 
Vygotsky may be needed to shed light on the types of student interactions that occur and 
the tasks the students engage in. As Rogoff observes, “it is possible that Piaget’s view 
stressing equality of status is instrumental for social interaction to encourage a change 
or perspective, while Vygotsky’s emphasis on expertise is useful for tasks that involve 
the development of skills” (1990, p. 174). This contrast suggests that different types of
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interactions may arise depending on the status and relative expertise of the members of 
the study group with respect to the course material. That is, “different types of learning 
may be differentially facilitated by equal or by more expert partners” (Rogoff, 1990, p. 
148).
2.1.1.2. Guided Participation
Barbara Rogoff’s ideas of equal and expert partners also play a role in her concept of 
guided participation. “Guided participation provides a perspective to help us focus on the 
varied ways that children learn as they participate in and are guided by the values of and 
practices of their cultural communities” (Rogoff, 2003, p. 283-284). The use of the term 
“guided” is meant broadly, as Rogoff specifies that it is meant to “include but go beyond 
interactions that are intended as instructional” (2003, p. 284). This way, guided 
participation can account for varying forms of participation in a variety of sociocultural 
activities.
Guided participation is taken to be the result of coordinating two basic processes: the 
bridging of meaning and the structuring of participation. In the bridging of meaning, 
participants in the activity strive to develop a common language or perspective in order 
to share their ideas with one another. In this way, mutual understanding is the result of a 
negotiation between the perspectives of the participants. Structuring of participation 
refers not only to the structuring of opportunities for children to participate and learn but 
also to the way in which children structure their activities during social interactions. 
“Caregivers, community practices and institutions, and children’s own choices mutually 
determine the situations in which children are present and have opportunities to learn” 
(Rogoff, 2003, 287).
Peers that share equal levels of understanding would enact these two processes as 
a collaborative negotiation. It is likely then that guided participation in this situation would
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reflect many of the processes of cognitive development through social interaction put 
forth by Piaget. However, it is unlikely that study groups are comprised strictly of 
students that all possess the same level of skill and understanding with the material.
Rogoff addresses the impact of varying skill level between participants, explaining 
that:
Joint decision making by partners varying in skill involves asymmetry in the 
management of problem solving and in the lesson learned. A skilled partner has a 
clearer idea than a novice of the eventual goal and sophisticated means of reaching 
it, and thus is likely to provide direction in problem solving. A skilled partner may also 
assist a novice in appropriating the new information that rises during joint problem 
solving, helping the childe to understand the relevance of actions in which the child 
participates. (1990, p. 204)
Thus the guided participation that results from the collaboration of individuals of varying 
skill levels, or confidence with the material being discussed, will be more heavily 
influenced by the expert peer’s decisions than the less expert peer.
2.1.1.3. Communities of Practice
Similar to Rogoff’s guided participation, Lave and Wenger’s (1991) legitimate 
peripheral participation in communities of practice provides another means of discussing 
why students develop study groups and how they work together in their groups. Lave 
and Wenger define a community of practice to be “a set of relations among persons, 
activity, and world, over time and in relation with other tangential and overlapping 
communities of practice” (1991, p. 98). Communities of practice are defined along three 
dimensions (Wenger, 1998, para. 8):
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(1) What it is about—its joint enterprise as understood and continually renegotiated 
by its members
(2) How it functions—the relationships of mutual engagement that bind members 
together into a social entity
(3) What capability it has produced—the shared repertoire of communal resources 
(routines, sensibilities, artifacts, vocabulary, styles, etc.) that members have 
developed over time.
In this context, legitimate peripheral participation offers a way to discuss the many 
different relationships that arise within the community. While Lave and Wenger describe 
it mostly in terms of apprenticeship, it addresses how the relationships between those 
that are new to the community learn from those that are already present in the 
community. It also provides a means for discussing the relationship that develops 
between individuals with varying levels of skill or knowledge.
Due to its fluid definition, communities of practice can be found anywhere. Within the 
context of this study, there is a community of practice at the university level, at the 
classroom level, and at the study group level. The first two dimensions of community of 
practice at the level of the student study groups become:
(1) What it is about -  students gathering in order to perform activities related to 
furthering their class preparation, whether that is reviewing for an exam, 
completing a homework assignment, or practicing additional problems to improve 
understanding of the material.
(2) How it functions -  the macrotasks and microtasks, especially the patterns that 
arise in utterances, that the students participate in and what the students bring 
with them to contribute to the group's overall endeavors
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Identifying the third dimension with respect to student groups, what shared repertoire of 
communal resources is developed, requires some care. As observed by Lave & Wenger 
(1991), when individuals gather for communities of practice they build a shared 
understanding of how their community functions and develop a shared repertoire of 
communal resources. Hence, when students are studying together they develop a basis 
for how they interact. Many of these interactions are governed by social and cultural 
cues. In the particular case where students are working together for a mathematical 
purpose, they will utilize implicit rules for how they propose new ideas and problem 
solving strategies and how they defend these ideas to their peers. These shared 
activities then are what comprises the shared repertoire of communal resources and are 
included in what Yackel and Cobb (1996) term social and sociomathematical norms.
2.1.1.4. Social and Sociomathematical Norms
In describing the emergent approach, or emergent perspective, Cobb and Yackel 
explain how they aligned a social perspective with a psychological perspective in order 
to account for the social activities they observed within the classroom. Within the social 
perspective these observed activities were classified as being classroom social norms, 
sociomathematical norms, or classroom mathematical practices.
Cobb and Yackel (1996) state that classroom social norms “characterize regularities 
in communal or collective classroom activity and are considered to be jointly established 
by the teachers and students as members of the classroom community” (p. 178). As 
such, these norms are not specific to the content of the class. Thus, the classroom social 
norms of explaining an answer that is found in a history classroom may also be found in 
a mathematics classroom.
Subsequently, Cobb and Yackel identified sociomathematical norms as the 
“normative aspects of whole-class discussions that are specific to student’s
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mathematical activities” (Cobb & Yackel, p. 178). For instance, while typical classroom 
social norms include the expectation that students will engage in the explanations, 
justifications, and argumentation, sociomathematical norms require students to 
understand mathematical difference, mathematical sophistication, and acceptable 
mathematical explanation and justification (Yackel & Cobb, 1996, p. 461).
Finally, classroom mathematical practices are descriptors of how the classroom as a 
community can develop mathematically, without reflecting on the progress of specific 
individuals. So just as the social perspective can shed light on the changes in an 
individual’s actions observed over time, it can also provide insight into how the 
classroom community changes as a whole over time.
While Cobb and Yackel’s (1996) interpretation of the social perspective was meant to 
provide a way to describe the activities enacted within a classroom, it has implications 
for any community of practice. In particular, it may be applied to student study groups 
since the study groups that are formed by students outside of the classroom constitute 
their own communities of practice with their own cultural expectations.
Yackel and Cobb further stipulate that “sociomathematical norms are intrinsic 
aspects of the classroom's mathematical microculture” and that once the teacher 
introduces them, students are likely to continue those behaviors outside of the classroom 
(1996, p. 474). That is, classroom social norms “foster children’s development of social 
autonomy” and sociomathematical norms foster student’s development of intellectual 
autonomy (1996, p. 473).
2.1.2. Research Approach
One could anticipate that the primary method of collecting data on student 
interactions in groups would be through simply observing the students working together 
in groups. In order to come up with a meaningful way to describe how the students relate
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to each other, I chose to pay particular attention to the students’ discourse. Here I take 
“discourse” to “include all forms of language, including gesture, signs, artefacts [sic], 
mimicking, and so on” (Lerman, 2001, p. 88). Thus, in this sense all knowledge made 
available in the students’ study group and all new knowledge that is contributed to the 
group for dissemination can be considered discursively communicated. This is because 
through this definition of discourse, interactions may be seen as “discursive contributions 
that may pull others forward into their increasing participation in mathematical 
speaking/thinking” (Lerman, 2001, p. 89). Hence gestures, seating arrangements, and 
interactions such as interrupting a speaker to clarify a point may all be viewed as 
discursive contributions that reveal how an individual relates to the group.
A sociocultural perspective that focuses on the collection of discursive data, in this 
case the interactions of a student study group, requires a research approach flexible 
enough to allow the researcher direct access to the student study group. The purpose of 
ethnographic research, as stated by Wolcott (1999), “is to describe what the people in 
some particular place or status ordinarily do, and the meanings they ascribe to what they 
do, under ordinary or particular circumstances, presenting that description in a manner 
that draws attention to regularities that implicate cultural process” (p. 68). Thus 
ethnography seems to be an ideal approach to use in framing my research study as I 
intend to observe the students studying outside of a classroom setting and subsequently 
interpret their interactions as facets of the roles the students assume within the group.
As a qualitative research approach, ethnography offers a variety of research 
procedures compatible with collecting the type of data that will help describe the culture 
under observation. In particular, it will lend itself to fieldwork approaches such as 
participant observation, collection of written artifacts such as journal articles, and even 
interviews (Cresswell, 2007; Denzin & Lincoln, 2003; LeCompte & Preissle, 1993).
20
Spindler and Spindler (1992) advise caution when enacting ethnographic research. 
They stipulate that:
Some of the sociocultural knowledge affecting behavior and communication in any 
particular setting being studied is implicit or tacit, not known to some participants and 
known only ambiguously to others. Therefore, a significant task of ethnography is to 
make what is implicit and tacit to informants explicit to readers, (p. 73).
Hence there may be some bias and interpretation introduced as the researcher 
undertakes the task of explaining the significance of the group’s interactions to the 
reader. This may be mediated by conducting member-check interviews with the 
participants in order to get their insight on my interpretations so that I may make 
corrections as needed (Lincoln & Guba, 2008). Thus this bias presents only a minor 
impediment when compared to the overall goodness of fit between ethnography and the 
proposed research study.
2.2. Student Study Habits, Group Work, and Problem Solving 
Although mathematics education is not the only field investigating student study 
habits and student group work, it will remain the primary source from which I draw my 
relevant literature since I am particularly interested in students in groups working with 
mathematical concepts. The proposed research study is firmly located in the intersection 
of several bodies of currently available research. In order to observe how students are 
studying together in groups to further their mathematical understanding, I address what 
is already known about how students study, how students work together in groups in the 
classroom, and how students solve problems.
2.2.1. Student Study Habits
Several researchers (Moffatt, 1989; Nathan, 2005; Treisman, 1985) have followed 
students into their homes and dormitories and had opportunities to observe first hand
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how students prepared for exams and completed homework assignments. Yet these 
observations were used to further research agendas other than providing a rich 
description of what a student looks like in their native studying environment. In the cases 
of Moffatt (1989) and Nathan (2005), the researchers enrolled as students at the 
university level in order to observe undergraduate culture firsthand and report on the 
overall college experience. While they may have seen students study together, students 
and academics was not the primary focus of their research efforts.
In the case of Treisman (1985), the research was focused on students’ academic 
performance and how it can be improved. For his dissertation Treisman observed 
developed the PDP Mathematics Workshop to improve the academic performance of 
students at risk of failing. The idea to develop the workshop was based directly on his 
observations of students studying, both alone and in groups, outside of the classroom. 
Based on his observations he concluded that students who developed study groups, or 
felt a sense of community on campus, tended to be more successful in their 
mathematics classes than the students who studied alone. Hence once reason Treisman 
developed the workshop was to bring a sense of community to students who would not 
ordinarily know how to seek it during their first year on campus.
The majority of the research available on student study habits is based on the 
student self-reported data. For instance, in the work of Cerrito and Levi (1999) students 
were polled on their study habits, especially regarding the amount of time they thought 
they should dedicate to studying versus the amount of actual time they spent studying. 
Student responses indicated that most of them were familiar with the adage “three hours 
studying outside of class to every one hour in class” but felt it was too much time to 
spend studying.
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On the other hand, some studies suggest that the knowledge of how much time is 
spent studying may not be a meaningful indicator of student achievement. Rohrer and 
Pashler (2007) found that increasing the amount of time studying outside of class was 
not linked with long term knowledge gains. However, it is not clear what exactly the 
students in this project were doing while “studying.” Thus one could make the argument 
that the amount of time may be more meaningful when more is known about what 
actions comprise the activity that students identify as studying as was the case in 
Treisman’s work (1985).
Other studies utilized more formally developed tools for the gathering of their data 
such as Thompson’s (1976) use of the British Study Habits Inventory and Shepps and 
Shepps’s (1971) use of the Survey of Study Habits and Attitudes. Unfortunately 
Thompson’s results focused on the possible correlation between overall score on the 
instrument and students’ scores on standardized tests without breaking down the scores 
on the survey to assess what study strategies were being used by the students. There is 
a similar inconvenience in the reporting of Shepps and Shepps’s results wherein 
correlations are observed, but the breakdown over different study habits is not provided. 
Thus while both studies observed a correlation between scores on student habit surveys 
and academic performance, neither sheds any further insight on which actual study 
habits the students enact.
Other mathematics education studies conducted interviews with the students, which 
allowed them to gather more detailed descriptions of how the students spent their study 
time and to create inventories of student test preparation strategies (Danish Institute for 
Educational Research, 1970; Hong, Sas, & Sas, 2006). Hong, Sas, and Sas divided their 
list of student test taking strategies into three sub-categories: cognitive strategies, 
environmental and structural management, and motivational awareness (p. 148, 2006).
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Cognitive strategies encompassed activities such as “reviewing, outlining, solving 
[problems], repeating [problems], checking [answers], memorizing, understanding, 
reasoning, note taking, and externalizing" whereas environmental and structural 
management referred to more physical aspects of studying such as whether the students 
set aside dedicated study time, what settings they preferred studying in, and whether 
they studied with peers or sought help from an instructor (p. 148). Motivational 
awareness addressed how confident the student felt and whether that impacted how 
much effort the student then put in to studying. However, without some way to observe 
the students in the act of studying to confirm how much of their study time is actually 
spent on the objective of studying or how many of these test preparation strategies they 
actually implement, these reported numbers remain just estimates and the knowledge of 
what activities constitute studying and how the time is distributed amongst those 
activities remains anecdotal.
2.2.2. Students Working in Groups
With discovery and inquiry-based instruction techniques on the rise, students are 
being encouraged to work together in order to construct new knowledge for themselves 
and to develop a sense of what it means to be a contributing member of the 
mathematical community (NCTM, 2000). As the effectiveness of these courses is 
assessed, various facets of the classroom norms are brought into focus to judge how 
they contribute to the success of such a classroom setting. Necessarily then, a critical 
eye has fallen on how students work together in groups within these settings.
Groups of students working together on mathematical tasks in a classroom setting 
have been primarily analyzed for how specific factors affect student achievement (Marr, 
2001; Parsons, Tran, & Gomillion, 2008). These factors include size of group, racial 
composition of the group, gender composition of the group, age of members in the
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group, level of participation in the group, assigned versus created groups, and the 
influence of roles in group work. Conclusions on the effects of these factors have varied.
2.2.2.1. Student Roles Inside the Classroom
With respect to the influence of roles in group work, there seems to be two main 
areas addressed by research. The first area addressed by research focuses on what 
occurs when students are allowed to assign these roles within the groups themselves 
(Shimazoe & Aldrich, 2010). The other main area research studies focus on is what 
transpires when the teacher assigns particular roles to each student in the group. The 
articles that promote the assignment of roles typically do so as a teaching suggestion 
based on interpretations of researchers' studies of group behavior and student learning 
styles. These roles include positions such as: leader, recorder, equipment manager, 
problem stater, or motivator (Rubel, 2006; Strom & Strom, 2002). Findings from both 
types of research advise that instructors should rotate role assignments to keep students 
feeling that everyone is contributing in an equally fair manner (Shimazoe & Aldrich,
2010; Strom & Strom, 2002).
Research focused on observing what roles naturally arise during group work in the 
classroom is harder to find. As the roles that are typically listed for assignment by 
instructors or within groups must have some inspiration, I believe it is reasonable to 
consider the possibility that analogs of these roles may appear when students work 
together outside of the classroom.
2.2.2.2. Student Roles Outside of the Classroom
Another perspective on student roles in group work looks at the impact of assigning a 
peer leader to act as a facilitator to student groups working outside of the classroom. 
Pazos, Micari, and Light (2010) developed a classification scheme for the types of group 
dynamics that were observed in groups that worked outside of the classroom after a
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facilitator had been assigned. Since the facilitator was typically a student that had 
already successfully passed the course, he was in a position to interact with the group in 
a variety of ways. Pazos, Micari, and Light categorized the observed types of group 
interactions as simple instruction, elaborated instruction, supported discussion, and 
guided discussion (2010, p. 194).
In simple instruction, the facilitator does most of the talking and the overall group 
dynamic resembles that of a university lecture with little student-student interaction and a 
focus on getting to a final answer. Elaborated instruction is closely related to simple 
instruction in that there is still very little student-student interaction. However in groups 
exhibiting an elaborated instruction dynamic there are more instances of the facilitator 
addressing how an applied procedure works, providing reasons for why a particular 
procedure was an appropriate choice, and offering additional conceptual explanations.
Supported discussion and guided discussion both feature more student-student 
interactions with the facilitator intervening as needed. In both dynamics, the facilitator 
acts as a content expert, typically only offering input when directly asked to do so. 
However the primary focus in the supported discussion group dynamic is still on getting 
the answers whereas in guided discussions the students more actively engage in 
conceptual discussions and problem solving behaviors.
2.2.3. Students and Problem solving
Another perspective on behaviors that may emerge during the study sessions comes 
from the available body of literature on students and problem solving. While there are 
many activities that may occur during a study session, it is reasonable to expect the 
students to devote a significant amount of time to solving problems, whether these 
problems come from a sample exam or set of assigned problems. Problem solving 
frameworks, such as the ones developed by Schoenfeld (1985) or Mason, Burton, and
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Stacey (1985), help define phases the students may pass through as they solve 
problems together.
Of particular interest is Schoenfeld’s framework in which he identifies the episodes 
inherent in problem solving efforts to be: reading, analysis, exploration, planning- 
implementation, verification, and transition (1985). Some of these episodes are fairly 
self-explanatory. Reading refers to the activities students engage in while reading the 
posed problem to themselves, whether aloud or silently. In verification episodes students 
address the validity of their final answer and the sensibility of their solution to the 
problem. The junctures between episodes comprise episodes of transition. The content 
of the remaining episodes is less clear from their one word descriptor.
Analysis is ideally the next step for the students if “there is no apparent way to 
proceed after the problem has been read” (Schoenfeld, 1985, p. 298). During episodes 
of analysis, students try to “fully understand a problem, to select an appropriate 
perspective, and reformulate the problem in those terms, and to introduce for 
consideration whatever principles or mechanisms might be appropriate” (Schoenfeld, 
1985, p. 298).
Episodes of exploration are very similar to episodes of analysis but are 
distinguishable by their structure and content. During exploration students take a “broad 
tour through the problem-space, a search for relevant information that can be 
incorporated into the analysis-plan-implementation sequence”, whereas in episodes of 
analysis students typically have an idea of where to start looking for their solution 
strategy (Schoenfeld, 1985, p. 298). Due to this weaker structure, it is during episodes of 
exploration that students are most likely to wind up on wild goose chases.
Whether through analysis or exploration, once the students find the ideas they need 
they embark on a planning-implementation episode. Schoenfeld leaves planning-
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implementation episodes loosely defined, suggesting that they apply “to a range of 
circumstances, from schema-driven solutions to those in which the subject develops an 
appropriate plan or even comes upon one by accident” (Schoenfeld, 1985, p. 300).
Schoenfeld’s intention for the framework was to allow him to focus on the transitions 
between episodes, as that is where he believed he would find the most evidence of the 
influence of managerial decision-making. In addition to identifying the transitions, his 
framework also provides a possible way to partition student discourse while working on 
problems to look for which roles, besides manager, arise during the episodes. 
Schoenfeld’s definitions of the episodes do not immediately prescribe a method for 
exploring the student-student interactions at the depth of level needed to satisfactorily 
explain what roles may emerge. Fortunately, Schoenfeld provides some descriptions of 
the overall patterns that may occur during the episodes, such as the wild goose chase, 
that can be looked for in the student-student interactions that will be observed over the 
course of this study.
2.3. Analysis Techniques From the Research
Current research studies contribute more than just ideas of behavior to look for in 
students outside of the classroom. It also provides methods for how to analyze such 
behavior. Of particular use are the ideas of discourse analysis techniques that provide a 
means for describing student-student interactions and one-mode and two-mode analysis 
techniques from the realm of social network analysis for determining which students are 
studying together in groups.
2.3.1. Analyzing Student-Student Interactions
Much of the research on student group work has analyzed group interactions by 
using discourse analysis. While discourse can simply be taken as “connected stretches
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of language that make sense” (Gee, 1996, p. 127), it can also be interpreted in a much 
broader sense. Gee explains that:
A Discourse is a socially accepted association among ways of using language, other 
symbolic expressions, and ‘artifacts’, of thinking, feeling, believing, valuing, and 
acting that can be used to identify oneself as a member of a socially meaningful 
group or ‘social network’, or to signal (that one is playing) a socially meaningful ‘role’. 
(1996, p. 131)
This latter interpretation allows one to make an argument for the inclusion of body 
language, gestures, or any other variety of social signal or symbol that furthers 
communication between two individuals. However, such an analysis could lean 
perilously close to being too interpretive, which may be why so many studies choose to 
focus on discourse primarily in the sense of spoken or written language interactions.
Starting with the problem solving framework pioneered by Schoenfeld (1985), Goos, 
Galbraith, and Renshaw (2002) sought to created a more detailed level of analysis of 
student interactions based on conversational turns. As their initial approach to the 
development of a coding scheme failed to “do justice to the reciprocal nature of 
collaboration” that they were witnessing, they grouped their codes to produce the 
following identifications (p. 199, 2002):
1) Self-disclosure - Self-oriented statements and responses that clarify, elaborate, 
evaluate, or justify one’s own thinking.
2) Feedback Request - Self-oriented questions that invite a partner to critique one’s 
own thinking.
3) Other-monitoring - Other-oriented statements, questions and responses that 
represent an attempt to understand a partner’s thinking.
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Although these classifications are meant to represent groupings of their original coding 
scheme, they are descriptive enough to stand alone as discourse codes for student- 
student interactions.
Blanton, Stylianou, and David (2009) also generalized the earlier half dozen codes 
created by Goos, Galbraith, and Renshaw. Their results were used to identify teacher- 
student interactions as follows:
1) Transactive prompts. These prompts are requests for explanations, justifications, 
clarifications, elaborations, and strategies; an utterance where the purpose is to 
prompt students’ transactive reasoning (p. 295).
2) Facilitative utterances. Such utterances are the re-voicing or confirmation of an 
idea or attempts to structure the discussion. They involve summarizing a discussion, 
pacing a conversation, or redirecting an utterance in order to focus or direct the 
students’ ideas and arguments (p. 296).
3) Didactive utterances. These are utterances on the nature of mathematical 
knowledge. These utterances may not be open to discussion, especially when issued 
by a figure of authority such as an instructor (p. 297).
4) Directive utterances. These utterances provide either immediate corrective 
feedback or simply supply information towards solving a problem (p. 297).
Moving beyond the work of Goos, Galbraith, and Renshaw, Blanton, Stylianou, and 
David (2009) then created an additional set of codes for describing student-student 
interactions:
1) “Proposal of new idea. This occurs when a student brings to the discussion new 
and potentially useful information.” It may be correct or incorrect, as its only 
requirement is that it appears relevant to the solution being discussed at the time.
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2) “Proposal of a new plan or strategy. This classification is applied when a student 
suggests a potentially useful strategy or plan” for the solution of the problem.
3) “Contribution to or development of an idea. This type of utterance adds to 
existing ideas and is often made by students other than those who made the 
initial suggestions.”
4) “Transactive questions. These are students’ requests for clarification, elaboration, 
critique, justification, or explanation of their peers' utterances.”
5) “Transactive responses. Transactive responses are either direct or indirect 
responses to explicit or implicit transactive questions and serve to clarify [...] or 
explain one’s thinking” (p. 300).
They also included a sixth code of “general confirmation to characterize students’ 
utterances of agreement” (Blanton, Stylianou, & David, 2009, p. 300). Despite the 
framework’s intended purpose as a tool for interpreting student scaffolding while 
discussing proof, this set of six codes shows great promise for generalizability to coding 
student discussions of problem solving.
The utility of such a coding allows the researcher to track each individual’s 
contributions to the overall progress of the group’s solution. In Barbara Rogoff's guided 
participation (2003), an expert peer, or student that feels he or she possesses a mastery 
of a concept, may offer many utterances in the first five categories of Blanton, Stylianou, 
and David’s coding scheme during a group discussion on that topic. The student that is 
receiving the guidance of the expert peer, or that feels less certain of the material, may 
only produce transactive questions or general confirmations. Hence an analysis of 
student discourse using these codes may provide insight into which role, or roles, a 
student has assumed within the group.
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An additional benefit of utilizing the two coding schemes is that they hint at the types 
of norms students may adopt while working together. Utterances such as general 
confirmations and facilitative utterances are not mathematics-specific whereas didactive 
utterances, as defined by Blanton, Stylianou, and David, are explicitly mathematical in 
nature. Thus analyzing student discourse may shed light on the social norms and 
sociomathematical norms that get enacted in the community of practice that is the 
student study group.
2.3.2. Identifying Study Groups
It may not be possible to determine which students are studying together most 
frequently based solely on direct observation alone. Consider the case where a study 
group decides to meet together at a predetermined time in an accessible space on one 
particular day. A classmate entering that space may discover the group working together 
and decide to join them just for that time. From a quick glance at the attendance records 
then, it will be unclear which of the students present at that session were actually part of 
the study group and which was the individual that decided to study with the group for just 
one session. To this end, I turned to the theories that have been developed for social 
network analysis.
According to Knoke and Yang, network analysis is “an institutionalized, 
transdisciplinary perspective whose basic concepts and measures are now widely 
familiar to researchers from such diverse fields as sociology, anthropology, economics, 
organization studies, business management, public health, information science, biology, 
complexity, and chaos theory” (2008, p. 2). Wasserman & Faust (1994) share this 
interpretation and specify that social network analysis is “a distinct research perspective 
within the social and behavioral sciences; distinct because social network analysis s
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based on an assumption of the importance of relationships among interacting units” (p.
4). They go on to explain:
Given a collection of actors, social network analysis can be used to study the 
structural variables measure on actors in the set. The relational structure of a group 
or larger social system consists of the pattern of relationships among the collection of 
actors. The concept of a network emphasizes the fact that each individual has ties to 
other individuals, each of whom in turn is tied to a few, some, or many others, and so 
on. The phrase “social network” refers to the set of actors and the ties among them 
(p. 9).
Thus, social network analysis is a good fit for this study as this project is concerned with 
the relationships between individuals and determining their underlying structure.
The first step in applying the analysis techniques enveloped by social network 
analysis is creating an affiliation matrix representing the relations between actors and 
events. For my purposes each study session will be an “event” and the “actors” will be 
the participants that visited the designated study space. Thus, the affiliation matrix is, in 
essence, the attendance records for the study space, indicating which students were 
present at, or “attended,” each event.
Armed with an affiliation matrix, there are two ways to proceed. The first is using 
one-mode analysis, in this study focusing only on the set of actors, to draw conclusions 
about the relations. The other approach is using two-mode analysis to take into account 
both the set of actors and the set of events in order to describe the relations that arise 
between actors. There are pros and cons to both analysis techniques that will be 
discussed in the subsequent subsections.
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2.3.2.1. One-Mode Analysis
Once the affiliation matrix is developed, a co-membership matrix can be created that 
identifies the number of events students have in common. These co-membership 
matrices are susceptible to one-mode analysis techniques such as defining a clique at 
level c where, in this context, “a clique at level c is a subgraph in which all pairs of actors 
share memberships in no fewer than c events” (Wasserman & Faust, 1994, p. 320). In 
terms of this study then, identifying cliques at level c would help tease out the occasional 
guest participants in a study group in order to determine which set of students comprise 
the study group, based on observational attendance data. This is accomplished by 
setting an appropriate c-level that cuts off inclusion in the study group if a participant has 
not been present in the space with all other members of the group at least c times. This 
also allows for a nice graphical visualization with students as the vertices of the graph. If 
a pair of students has been observed working together on at least c occasions, then 
there will be an edge connecting their vertices.
However as the name suggests, one-mode analysis only looks at one mode, or 
aspect of the data. In the case described above, very little information about the 
sessions contribute to how the groups are identified. Fortunately, two-mode analysis can 
be used to confirm the findings of one-mode analysis.
2.3.2.2. Two-Mode Analysis
As I observed above, considering the co-membership matrix alone fails to take into 
account which events were attended by the participants. Thus I turned to two-mode 
analysis as a possible means for confirming the findings of one-mode analysis. 
According to Wasserman and Faust, two-mode analysis "has the advantage that it 
provides an objective criterion for placing both actors and events in a spatial
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arrangement to show optimally the relationships among the two sets of entities” (p. 334). 
They go on to explain that:
The goal of correspondence analysis is to assign a score to each of the entities in 
each of the modes, to describe optimally [...] the correlation between the two modes. 
One can then study these scores to see the similarities among the entities in one 
mode, and the location of an entity in one mode in relation to all entities of the other 
mode. [...] These scores have nice geometric properties that allow us to display 
graphically the correlations among the entities in the two-modes (p. 334-335).
As the analysis is being done on two modes, that leaves us with two different 
interpretations we can make. The first interpretation is how the two modes, events and 
participants, relate to each other. On the other hand, we can use two-mode analysis to 
continue to examine the relationships among the entities in only one mode. That is, we 
could draw inferences about the relationships between events or the relationships 
between participants.
It is this latter interpretation that I seek in order to confirm the findings of one-mode 
analysis. Once the study groups have been determined, all that remains is interpreting 
the interactions and verbal utterances that occur between the students within the group.
2.4. Summary
There is a wealth of literature available to draw upon for situating this research study. 
From analysis techniques to preliminary ideas of what activities and roles to look for 
while students study, research studies that have focused on students and group work in 
the classroom (Rubel, 2006; Shimazoe & Aldrich, 2010; Strom & Strom, 2002) and on 
peer led group work outside of the classroom (Pazos, Micari, & Light, 2010) contributed 
to my plans for the design of the study and both the collection and analysis of the data. 
The ideas of guided participation (Rogoff, 2003), communities of practice (Lave &
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Wenger, 1991), and classroom social and sociomathematical norms (Cobb & Yackel,
1996) provide insight on what sorts of interactions could occur between students while 
working together in their self-formed mathematics study groups.
In the chapter that follows I explain how discourse analysis will be used to look for 
these latter elements while also developing a means for describing the activities that 
students engage in when working together in study groups outside of the classroom. 
Then, in Chapter IV, I focus on the identification of the student study groups that 
appeared over the course of the semester using the techniques from social network 
analysis described above before I present my analysis of what students do when 




The research procedures associated with qualitative research encompass a wide 
variety of data collection and analysis techniques. In order to fully explain my rationale 
for the data collection and analysis procedures I chose, I will first describe my research 
setting. I then provide a description of my data collection and data analysis procedures. 
This chapter concludes with a discussion addressing the validity of the study and my 
potential biases.
3.1. Setting and Participants
This study was conducted at a Ph.D. granting institution in the Northeast. The 
participants were students enrolled in a second year course that blended the concepts of 
linear algebra, multidimensional calculus, and differential equations. The prerequisites 
for enrollment in the course include both permission from the instructor of the course and 
a passing grade in a second semester calculus course that covered techniques of 
integration, sequences and series, and Taylor expansions.
Many of the students that matriculate in this course have passed through an honors 
calculus sequence. In the honors calculus courses, the instructor encouraged the 
students to work together both inside and outside of the classroom to improve their 
understanding of the material. Throughout the semester the students worked in groups 
on semester long projects, in addition to completely homework assignments, and spent 
lecture time sitting at round tables that facilitated student collaboration on in-class 
activities. The instructor did not assign the groups that students sat in during class, nor 
did he assign the groups for the semester-long project, instead he allowed the students
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to select both their in-class work groups and their project groups. These teaching 
tendencies are significant to note as the instructor that taught the honors calculus 
sequence is also the instructor that taught the course from which the participants were 
selected.
There were also students enrolled in this course that did not take the honors calculus 
sequence. This created an important distinction in the types of students enrolled in this 
course. Initially it was unclear how the students who did not have experience with this 
instructor’s teaching practices, or had not participated in an inquiry-based course before, 
would integrate themselves into the study groups previously established by the students 
that had been enrolled in the honors calculus sequence. Inquiry-based is taken here as 
“pedagogy that replaces traditional lectures and textbooks with some form of student- 
centered activities”, consistent with the definition provided by the Journal of Inquiry- 
Based Learning in Mathematics.
The ratio of students enrolled in the course with honors calculus experience to those 
without was one to one. Over the course of the study, a little over two-thirds of the 
students enrolled in the course were directly observed studying at one time or another 
and within that population the ratio of students with honors calculus experience to those 
without was seven to five. Thus, this class of students was an ideal choice for 
observation as half of the enrolled students had already had an opportunity to establish 
group work patterns during the previous two semesters together and the introduction of 
new students to the class created an opportunity to see how roles emerge and shift 
within groups. This is an advantage over observing first semester courses where the 
instructors may not emphasize group work, the number of students enrolled is too large 
to observe, or the time it takes for students to start forming study groups leaves little time 
during the semester to observe their interactions.
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The main challenge for this study was in determining a means for observing students as 
they interacted in study groups outside of the classroom setting while minimizing the 
obstacles inherent in attempting to observe them in a publicly accessible space such as 
the dormitories. However, collecting some data that reflected student study behaviors in 
those spaces was still desirable. Additionally, “observations have their potential 
drawbacks. A researcher may give meaning to action/interaction based on observation 
without checking out that meaning with the participants” (Corbin & Strauss, 2008, p. 30). 
Thus I also collected journal entries completed by the students and conducted member- 
check interviews. The combination of data collected using these three methods provided 
a way to coordinate the identified study behavior that occurs in a study lounge setting 
with students' anecdotes regarding their study behaviors at home.
3.2. Data Collection Plan 
At the beginning of the semester, I introduced myself to the class. I explained that I 
was interested in studying what transpires in student study groups outside of the 
classroom and how students utilize the materials made available to them. I followed up 
with an explanation of my plans to conduct my study by videotaping interactions in a 
designated study lounge space to be made accessible to this class’s participants on a 
scheduled basis, collecting journal entries, and conducting follow up interviews. I then 
distributed consent forms and invited the students to participate in the study.
3.2.1. On Obtaining Informed Consent
The consent forms possessed the same information that I had delivered orally, 
describing the project and the data I intended to collect, and asked the students to select 
the level of participation they felt most comfortable with. As can be seen on the sample 
consent form in Appendix B, students were asked to select whether they were willing to 
be video-recorded, audio-recorded, allow audio and video of them to be shared during
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conference presentations, complete journal entries, or participate in interviews. I gave 
the students one week to review the consent form before I returned to the class to collect 
a signed copy and obtain their input on what times during the day they were most likely 
to study.
Students were able to adjust their level of participation, to include or exclude 
activities, at any time over the course of the semester. In the event a student opted to 
change their level of participation he or she was asked to complete a new consent form 
that would be retroactively applied to any data collected prior to the change. For 
instance, if a student originally indicated that he or she was willing to be video and audio­
recorded but decided later that he or she was no longer comfortable participating in this 
way, all video and audio-recordings that had been taken prior to that change would be 
excluded from transcription, analysis, and review.
Several students did opt to change their level of consent over the course of the 
semester, but all of them did so to indicate their willingness to participate in additional 
activities. For some students this was deciding to start filling out journal entries at the 
end of study sessions. Other students decided that they were willing to be video and 
audio-recorded. There were no instances where students requested to decrease their 
level of participation in the study.
3.2.2. Data Collection Timeline
The data collection period spanned the duration of the Fall 2011 semester, 
approximately 16 weeks with the inclusion of final exam week. A timeline outlining the 
data collection schedule is provided in Table 3.1 below. This table also provides a 
rationale for the timing of the data collection and a summary of which research questions 













Time was needed for students to establish 
their study groups and for me to gather 
participants and establish my role as 











Preliminary analysis started shortly after the 
first data was collected in order to begin 
identifying what transpires during a study 
session and what roles may be emerging 
within groups. This time was also needed to 
adjust data collection procedures, such as 
the times the study space was made 




Interviews -  
Round 1
After five weeks of observations and journal 
entries I had some preliminary ideas about 
what behaviors and roles I was seeing take 
shape. To get some background information 
on the students’ study habits and to check 
the validity of my interpretations of specific 
behaviors I conducted one-on-one interviews 
with students that appeared most often with 
a group during the previous five weeks. 
These interviews acted both as member 
checks of my preliminary findings and as an 













During these weeks I continued to observe 
study sessions and take field notes as a 
passive observer. After feedback through the 
first round of interviews, students were 
encouraged to contact me if they wished to 
use the space at hours outside of the official 
schedule to improve utilization of the space.




Interviews -  
Round 2
The second round interviews were 
conducted with the same participants as the 
first round and served to gain further insight 
into behaviors that were observed in the 
sessions.
1a, 1b, 1c, 
3
Table 3.1 . A timeline of my data collection supplemented with reasons for the particular
methods and which questions the data will help answer.
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I recorded all instances of students using the study space. This way, I was able to 
account for events such as a student appearing alone at one time and re-appearing later 
in the semester with a group as the groups began to establish themselves. This also 
allowed me to capture all possible groups that developed as I had no way to anticipate 
how many groups would form and utilize the space. The criteria used for determining 
which of the observed students were asked to participate in interviews will be set forth 
after the next section.
3.3. Design Considerations: Developing the Designated Study Space 
Many institutions of higher education provide niches or lounges in academic 
buildings and libraries for students to gather in and study. These niches typically 
possess tables and chairs, a whiteboard or blackboard, and access to the university’s 
wireless Internet. The lounges in the academic buildings offer two additional 
conveniences: they are easy to access for short study sessions between classes since 
the students are already in the building and many niches are in close proximity to the 
offices of the students’ professors and teaching assistants.
However, these study lounges are open to any and all students that have access to 
the academic building. Thus simply setting up video cameras to record student 
interactions in the space gets complicated because such recordings may catch students 
that are not part of the study and have not agreed to be recorded. Trying to observe 
students in more private locations, such as their dormitories, to watch their interactions is 
prone to a similar host of issues.
3.3.1. Location of the Designated Study Space
I developed the idea of creating a designated study space based on anecdotal 
evidence from students I have worked with before. Several students have mentioned 
that access to an empty meeting space for studying can be hard to come by. If the public
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study lounges are in use then the students have to find other locations in which to work. 
Setting aside a study zone where the participants were guaranteed space to work was 
an ideal way to ensure the space was utilized so that I could collect data. Thus in order 
to keep the benefits of a study space located within an academic building while avoiding 
the foot traffic inherent in public accessibility, I created a designated study lounge-type 
location and provided access only to the study participants.
The designated study space was located in the same academic building that the 
students met in for their course. This way the students were often in the same building 
as the study space and were more likely to be able to locate it if they wanted to study in 
the space. The study space was positioned at the end of a short corridor that could at 
times appear dark and unused so it did take the students some extra effort to locate it at 
first. However this was made up for by the fact that the designated study space was also 
located on the same floor as the offices of the course’s professor and teaching assistant, 
much like one or two of the publicly accessible study lounges. Thus the designated study 
space was established in a location that was almost equally desirable to other 
alternatives and would be less likely to lose participants on that account.
3.3.1.1. Access to Professor
I say the designated study space was “almost equally desirable” because there was 
one publicly accessible study lounge that was located even closer to the professor’s 
office than the designated study space. As such, the professor would often hold his 
office hours within that space giving the students even greater access to his guidance if 
they needed it. When student study sessions were held in the designated study space 
during office hours they were encouraged to come and go as they pleased in order to get 
their questions addressed. However the process of walking down the hall to seek the
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professor was definitely not comparable to the ability to turn to the professor sitting next 
to you at the table in order to ask a question.
This may not have been an issue if the professor held his office hours in the 
designated study space. However as the intention of this research project is to observe 
how students interact in self-formed study groups outside of the classroom, and not 
under the direct observation of the professor, I chose to keep the space accessible only 
to the students. I explained this reasoning to the professor and the teaching assistant 
and asked that they avoid coming into the designated space.
3.3.1.2. Accessibility and Interruptions
This did not mean there was a lack of interruptions in the study space. As I was 
unable to procure a room solely for the use of this research study, the location was given 
scheduled hours during which only the students enrolled in the course would have 
access. Over the course of the semester, the schedule was adapted to meet the 
changing needs of the students and was even opened on an “as needed” basis when 
requested.
However, due to the nature of the room I had reserved there were often other 
individuals that needed to access materials stored within the space. Despite posted 
hours, there were occasional walk-ins that disrupted study sessions and potentially 
compromised confidentiality of the participants. The latter issue is more troubling than 
the former since interruptions are commonplace events within the publicly accessible 
study lounges tucked in the hallways of academic buildings. However when the 
interlopers realized they were intruding, they snuck back out of the space as quickly as 
possible without making any effort to uncover the identities of the students present. Thus 
the most the interrupters saw were the faces of the participants, many of which had 
already given their consent to having video clips of them shared at conferences.
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3.3.2. Layout of the Designated Study Space
In addition to carefully selecting the location of the study space, I continued my 
efforts to keep the designated study space as desirable as the other spaces by 
equipping it with as many of the amenities found in other spaces as I could. As depicted 
in Figure 3.1, the designated study space was equipped with tables, chairs, a white 
board, and two computers.
White Board
C2 T2
Figure 3.1. A diagram of the layout of the designated study space and a picture of the
actual space.
In the diagram presented in Figure 3.1, C1 and C2 mark the two computers that were 
in the designated study space, with only computer C2 visible in the picture to the right of 
the diagram. The two circles marked T1 and T2 correspond to the round tables available 
in the picture. T3 is also a table, but was primarily used by myself, the observer as a 
hard surface for recording my field notes. My location during the study sessions is 
marked by the hexagon labeled with an O to the left of table T3. This way I had access
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to both the table and the video recording equipment depicted in the diagram as the 
trapezoid labeled with a V. This positioning allowed me to unobtrusively redirect the 
focus of the camera as students moved about in the space from the tables to the 
computers or the white board.
Giving the students access to a white board and the Internet in the study space was 
also based on previous interaction with students. As mentioned, the available study 
niches the students had become accustomed to often featured a white board or 
chalkboard to facilitate their communication with each other and also feature access to 
the university’s wireless internet. Thus in order to keep the environment as amenable to 
the studying needs of the students as possible, access to these things was necessary.
The particular location of the study space did not have wireless Internet accesis that 
was as reliable as the access available in the public study lounges. To make up for it, 
there were two computers located in the study space connected to the Internet that the 
students could use. Additionally, the students were encouraged to utilize ethernet cords 
to access the Internet if they brought along their laptops and wanted to access the 
Internet on their own computers.
3.3.3. Other Considerations
By creating this designated study space for students in the class, it was necessary to 
address what would happen if students from the class that did not wish to participate in 
the study chose to enter the dedicated study lounge. As mentioned earlier in the 
informed consent discussion, if such an issue arose I was prepared to excise them and 
their contributions from the transcription and analysis of the video recorded data. 
Fortunately, while one participant opted out of being video-recorded at the beginning of 
the study, the student later changed her mind and completed a new consent form 
allowing the use of video that she had been present in.
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On the plus side, utilizing a dedicated study space such as this for video-recording 
allowed me the option of playing a role that is not dissimilar to that of a computer lab 
assistant who was responsible for making sure the room was open and accessible. Thus 
in this setting I focused on removing myself from the role of teaching assistant for the 
students and would not answer “how do we do this?” type questions. My responsibilities 
as observer were to make sure the space was open and accessible whenever the 
students wished to use it, to makes sure that the recording equipment was operating 
correctly, and to take field notes recording my own thoughts and interpretations of the 
student interactions.
3.4. Ethnography and Grounded Theory
Based on the research questions I used to frame the study, I used ethnography as 
my guide for selecting research participants and designing my data collection. Once I 
started to analyze the data I had collected, I realized the types of questions I was asking 
weren’t being clearly addressed by ethnographic analysis techniques. Thus I found 
myself resorting to the analysis techniques provided within grounded theory.
The grounded theory approach is a method for discovering theories, concepts, 
hypotheses, and propositions directly from data rather than from a priori assumptions, 
other research, or existing theoretical frameworks" (Taylor, 1998, p. 137). Thus its data 
analysis techniques are designed to look for patterns within the data that give rise to new 
theories. Due to the lack of existing theoretical frameworks and other research on what 
students do in self-formed study groups outside of the classroom, these analysis 
techniques allowed me to develop hypotheses about the nature of the interactions I 
observed and to find support for them within the data I collected. Of particular use to me 
was the constant comparative method (Glaser & Strauss, 1967) of data analysis in which 
a researcher simultaneously analyzes and codes the data in order to develop concepts.
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3.5. Student Observations, Video-recordings, and Analysis
The bulk of data collected in this study was in the form of observations of student 
interactions during group work. “The reason why observation is so important is that it is 
not unusual for persons to say they are doing one thing but in reality they are doing 
something else” (Corbin & Strauss, 2008, p. 29). Thus direct observation of the students 
studying together provided me with the best means for identifying which study activities 
students actually engage in outside of the classroom and what those activities look like.
3.5.1. Field Notes and Video-recordings
While students were working together in the designated study space, I took field 
notes in addition to videotaping their interactions. In the field notes I recorded particular 
rearrangements of student groups, interactions of interest to be analyzed in further detail 
at a later time, and my own reactions and tentative in-the-moment analyses. However, I 
was only able to take field notes to a satisfactorily descriptive depth while observing one 
subset of students present in the study space at a time.
The video recordings enabled me to verify my field note observations and as well as 
allowing me to observe what interactions took place in all the groups in the study space. 
Thus when my attention was focused on one set of students, I was able to review 
valuable interactions that occurred between other students that I missed but were 
captured by the video camera. Video recordings were also necessary for in-depth 
analysis of patterns in interactions.
3.5.2. Video Analysis
In an effort to follow the methods of grounded theory (Strauss & Corbin, 1994; Glaser 
& Strauss, 1967) and the procedures laid out by Powell, Francisco and Maher (2003), I 
first watched the videos and transcribed them in order to develop an overall impression
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of what the students were working on during the study session. I then coded the 
transcripts in the three phases that are depicted, not to scale, in Figure 3.2.
First the video was transcribed. Each u represents a student utterance.
u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u u . . .
Phase 1: The first pass of analysis turns each transcript into chunks of utterances and 
looks for similarities in content.
u u u u u u u u u u u u u u u u u t u u u u u u u u u i u U U U U I U U U U U U U U ...
Phases 2 & 3: The second pass of analysis looks within similarly coded chunks for 
repeated patterns in the coded utterances.
u(ujTu)u u in i u u ju  u u u U u I U ^ T f r j  u U L(jn i u U j)i
Figure 3.2. A diagram depicting the phases utilized in analyzing the videos and 
associated transcripts.
While my original intent in the analysis was to code for student gestures and body 
language, in addition to verbal utterances, I soon found that such a thorough analysis 
was beyond my means for the scope of this project. As such, my three phases of coding 
focused on student interactions as depicted through their verbal utterances.
3.5.2.1. Phase 1: Macrotasks
In the first phase, I re-watched the videos and then chunked the transcripts into 
segments of utterances that seemed related, or conversations, relying on natural pauses 
and shifts in topic that occurred to identify where a particular chunk started or stopped. 
This chunking is depicted by the appearance of smaller rectangles in the middle diagram 
in Figure 3.2.1 wrote a brief synopsis for each chunk identifying what transpired within its 
duration. This is consistent with Glaser and Strauss’ (1967) constant comparison method
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as each watching and re-watching of each session informed the coding or “chunking” of 
subsequent sessions.
I then looked across summaries to see whether there were similarities between 
chunks and, if so, what the commonality was. Once I identified a commonality, I created 
a short descriptor of the identified collection. These classifications gave rise to the 
identification of the macrotasks, or the main activities students spent their time engaging 
in over the course of the study session. Ultimately the complete list of observed 
macrotasks was: getting situated, assignment (HW) planning, session planning, 
checking the group’s status, planning to ask the professor a question, reporting the 
professor’s response, discussing the homework write-up, planning future study sessions, 
off-topic discourse, recognizing off-topic talk, and filling out the journal entries for this 
study. A discussion of what each of these macrotasks entails along with several 
examples of their instantiation is provided in Chapter V.
3.S.2.2. Phase 2: Coding Utterances
Within chunks of transcript classified as Doing Problems, student utterances were 
coded line by line using a combination of Goos, Galbraith, and Renshaw’s (2002) and 
Blanton, Stylianou, and David’s (2009) coding schemes presented in Chapter II in the 
subsection Analyzing Student-Student Interactions in the Analyzing Student-Student 
Interactions section. In Table 3.2 I have listed these discourse codes and briefly 
described how those codes were assigned.
The utilization of a preconceived set of discourse codes at this point is not consistent 
with the practices of grounded theory. I chose to break from grounded theory for this 
phase because these codes provided a solid basis for identifying individual verbal 
contributions and utterances. In my initial attempts to continue utilizing a grounded 
theory approach during this phase, coding each utterance using a descriptor and then
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look for similarities throughout the descriptors to establish the code, I discovered that I
had generated a similar list of discourse codes.
Discourse Codes Code Assigned When...
Facilitative Utterances I observed a student restating a peer’s utterances or summarizing a solution or strategy.
Didactive utterances I observed students making statements regarding mathematical fact, not open for debate.
Directive utterances
I observed students providing immediate 
corrective feedback or issuing procedural 
instructions.
Proposal of New Idea I observed a student stating a new idea or new information, regardless of correctness.
Proposal of a New Plan or 
Strategy
I observed a student offering a new approach to 
a problem or a new strategy for solution.
Contribution to (or development 
of) an Idea
I observed a student adding to an existing idea, 
especially by a student that didn't offer the initial 
idea currently being pursued.
Transactive Questions I observed a student request elaboration or justification of a peer’s work or solution strategy.
Transactive Responses I observed a student responding to an implicit or explicit transactive question.
General Confirmation
I observed students making sounds that are 
affirmative in nature such as “m-hm,” “yeah,” or 
“kay.”
Self-disclosure I observed a student reflecting on or sharing what their work strategy or final answer.
Other-monitoring
I observed students making comments that show 
they’re trying to understand a peer’s work or 
assess a peer’s understanding of the situation.
Feedback Request I observed a student asking peers for input or correction on their proposed idea.
General Utterance
I observed a student making noncommittal 
sounds akin to general confirmation that were not 
affirmative in nature such as “oh” or “urn.”
Off topic statements
I observed students engaged in side 
conversations that did not immediately appear to 
be relevant to current focus of group.
Table 3.2. The combination of discourse codes developed by Goos, et. al. (2002) and 
Blanton, et. al. (2009) as well as two of my own design that were used for coding 
utterances.
I did remain flexible while applying this coding scheme so that if new categories 
presented or suggested themselves I could add them as I watched and coded. For
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instance, I found that none of the codes successfully addressed utterances that did not 
further the problem solving process. Many of these snippets appeared within the 
macrotask I came to refer to as Off-Topic Discourse, typically side conversations the 
students engaged in, hence I coded these utterances as off-topic statements.
3.5.2.3. Phase 3: Microtasks
Once the transcripts were coded on a line-by-line basis, I began the third phase of 
analysis, once again using grounded theory methods. In this phase I returned my 
attention to the macrotasks and grouped sequences of utterances that appeared to be 
related to each other. These utterance groupings are represented by the ovals that 
appear in the third diagram in Figure 3.2. After writing short descriptions of what was 
accomplished by these groupings of coded utterances, I began to observe patterns in 
the verbal interactions. It is these patterns in interaction that I came to think of as 
microtasks. The contribution of the microtasks was very context dependent and as such, 
I chose to refrain from assigning particular categories or descriptors to the repeated 
patterns.
3.5.2.4. Macrotasks, Microtasks, and Norms
After completing my three phases of analysis, I looked for patterns in the macrotasks 
and microtasks that occurred both during a single study session and across study 
sessions. During this process it became clear that the macrotasks and microtasks are 
activities the students engage in, often by enacting the social and sociomathematical 
norms described by Yackel and Cobb (1996) within the community of their student study 
group. In order to identify which types of norms were being enacted within a macrotask 
or microtask, I looked for clues in the content of the students’ discourse that would 
indicate whether they were specific to mathematics or could be expected to arise in 
groups studying other course content. Some examples of the types of clues I looked for
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are when I had coded an utterance as a transactive response that was explaining part of 
a solution strategy, which was an enactment of the sociomathematical norm of 
acceptable mathematical explanation, or when I coded utterance as a directive utterance 
that was literally directing the group’s attention back to the task at hand, which was an 
enactment of a social norm since it was normative behavior that was not mathematics- 
specific.
Some of the macrotasks that arose, such as session planning or identifying off-topic 
talk, were clearly not specific to the mathematical content of the course material the 
students were working on. Macrotasks such as these sought to structure how the group 
spent its time or to enhance the social connections that existed between participants. 
Thus these macrotasks were taken as activities in which students enacted the social 
norms they had developed within the culture of their group.. On the other hand, 
macrotasks, like doing problems, were classified as activities in which 
sociomathematical norms were enacted since they featured mathematics specific 
content.
3.5.3. Identifying Student Roles
Student roles arose through participation in specific discourse patterns and were 
typically visible at the macrotask or microtask level of student activity. Thus the 
identification of the macrotasks and microtasks that occurred during a study session 
provided much insight into the roles being assumed by the students. Through an 
examination of the context in which a microtask was enacted and the actual verbal 
interaction that occurred between the students participating in the microtask, I was able 
to make a determination on which role a student was demonstrating within the group in 
that instance.
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For instance, within the macrotask of doing problems, a common microtask that 
occurs between two students features one student doing the majority of the talking, 
issuing many directive utterances, transactive responses, and some other-monitoring 
while the second student responds primarily with general confirmations and transactive 
questions. In this microtask, when the directive utterances and transactive responses 
are primarily on explicating a problem’s solution strategy, the first student is lecturing to 
the second student. This is precisely the sort of interaction that is described as arising in 
Rogoff’s (2003) guided participation and Lave and Wenger’s (1991) legitimate peripheral 
participation.
3.5.3.1. Leadership Roles
Due to the prevalence of these types of student-student interactions throughout the 
study sessions, I did focus the majority of my analysis on teasing out what sorts of 
leadership roles occurred within the groups. The existence of this type of role is a 
common thread between the ideas of the expert peer referred to in Rogoff’s (2003) 
guided participation, the mentor-apprentice relationship described by Lave and Wenger 
(1991), and the ever present role of leader that is typically assigned during classroom 
group work. Thus uncovering this role in the groups that study together outside of the 
classroom firmly situates the results of this research project within the wealth of literature 
available on the topic. Despite my inclination to be on the look out for this particular type 
of role, I attempted to remained open-minded and flexible during my observations and I 
feel that I was able to adjust my thoughts and ideas as data provided evidence that 
either confirmed or refuted them.
3.5.3.2. Changing Roles
Often students would assume multiple roles within an individual group, and different 
set(s) of roles when they interacted in different groups. By observing a student
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participate in the same microtask across similar contexts, I was able to observe whether 
that student utilized the same set of utterances or a set of utterances with a similar intent 
each time. In the event the student changed her set of utterances, especially if she 
switched to a set of utterances that was previously used by another peer in a similar 
microtask, I took this as an indication that the student was assuming a different role in 
the microtask.
3.5.4. Students and Resource Utilization
To answer my third research question, it was necessary to identify the types of 
resources that were utilized and then determine what purpose the resource was being 
used for. In this situation, anticipated resources included the Internet, textbooks, lists of 
problems, class notes, and even individuals such as a teaching assistant, instructor, or 
peer. Thus, macrotasks were developed that identified when the students consulted with 
the professor or teaching assistant during a study session or for when they sought out 
physical resources such as assignment printouts and pencils. Due to the nature of the 
data collected, further subcategorizing of the student’s intentions while utilizing a 
resource was not possible.
3.6. Student Journal Entries and Analysis
Ethnographic methods support the collecting of written artifacts such as diaries, 
journals, or daily reflections to build upon descriptions generated primarily through 
observation (Cresswell, 2007; Denzin & Lincoln, 2003; LeCompte & Preissle, 1993). In 
particular, documents and records “are a stable source of information, both in the sense 
that they may accurately reflect situations that occurred at some time in the past and that 
they can be analyzed and reanalyzed without undergoing changes in the interim"
(Lincoln & Guba, 2008, p. 277). Thus, I decided to supplement my observations by 
creating a short journal entry in the form of a worksheet.
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When a student was ready to leave the designated study space, he or she was 
asked to complete this quick journal entry, a task that took no more than five or six 
minutes on average. A sample of the journal entry form can be found in Appendix C. On 
the sheet the students answered questions about the resources they utilized during the 
study session, what course content and objective they had worked on, and how 
successful they felt that day's study session had been. As I analyzed the video recorded 
group study sessions these journal entries helped me interpret student actions from the 
student’s perspective, as they were a reflection of how the student perceived the study 
session that day.
Students were also asked to complete these journal entries after study sessions they 
participated in outside of the designated study space. In this way I gained information 
about student study group practices that occurred in areas to which I did not have 
access, such as at home or in the dormitories. By pairing video recordings with the 
relevant journal entries, I was able to develop a baseline for the accuracy of the student 
reflections so that the validity of the outside journal entries could be established. This 
further alleviated the need to video record students in their dormitories or to ask students 
to bear the responsibility of recording their study sessions.
Journal responses that lent themselves to quantitative analysis, such as the duration 
of study session, lists of materials referenced, or ranking the helpfulness of the study 
session, were recorded and tracked in Excel. Essay journal responses were qualitatively 
coded for information regarding what content was being worked on and what purpose 
the study session served. These codes were then be grouped by themes and compared 
to the utterances the individual issued during recorded study sessions when possible.
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3.7. Member-Check interviews and Analysis
Cresswell (2007) describes member-checking as a way to validate interpretations of 
qualitative data by sharing preliminary findings with the participants themselves for the 
purpose of verification. Lincoln & Guba (2008), further explain that member-checking 
serves several purposes:
• Provides the opportunity to assess intentionality
• Gives the respondent an immediate opportunity to correct errors of fact and 
challenge wrong interpretations
• Provides the respondent the opportunity to volunteer additional information; the 
act of “playing back" may stimulate the respondent to recall additional things that 
were not originally mentioned
Given the subjectivity of assessing student roles from the perspective of observer, 
conducting member-check interviews allowed me to compare my findings with the 
participants in order to gain their perspective on what roles they felt they embodied 
within their study group. In this sense, member-check interviews are also supported by 
grounded theory since they require in the moment analyses of answers and refinements 
of preconceived notions. Thus member-check interviews were a necessary step in 
verifying my interpretations of the social and sociomathematical norms performed by the 
group with the group members themselves.
3.7.1. Selecting Interview Participants
In selecting participants to interview, there were two primary attributes I took into 
consideration. First, I considered which roles I thought the observed students had 
assumed within their study groups. Then I focused on the number of study sessions I 
had accumulated data for and looked for which students had already utilized the 
designated study at least once.
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In order to refine my understanding of the roles I thought I was seeing in the student 
study groups, I attempted to match archetypes across groups based solely on the 
observed study sessions. That way, I was able to select individuals that seemed to 
exhibit the same role in their respective groups and could reasonably contribute to the 
description of the role.
By focusing on the number of times the students utilized the study space I had hoped 
to have a large amount of data to draw from in order to develop my hypotheses of roles. 
That way I would be able to make full use of the first round of interviews as member- 
check interviews where students provided corrective feedback on my interpretations of 
their actions. However, roughly four weeks into observations, as I was reviewing student 
attendance, I discovered that I had only observed 18 students in the study space across 
11 study sessions. Out of the 18 students, 12 of those students had only attended one of 
the eleven observed study sessions.
Thus in order to gain feedback on how to improve utilization of the study space but 
still meet my objective of being able to test some hypotheses, I asked six students to 
participate in the member-check interviews. Two of the students were drawn from the 
population that had only used the space once, but had still appeared to embody a role at 
some point in their group interactions. This way I was able to gain feedback on both my 
tentatively hypothesized roles and to gather information on how to improve utilization of 
the study space. It was this latter information that was directly responsible for the 
adjustment in the scheduled hours of study space accessibility that was mentioned 
earlier in the Accessibility and Interruptions discussion.
The other three students that I interviewed were selected from those that appeared 
most often in the designated space, working with at least one additional individual, and 
showing repeated patterns in their interactions. As Chapter IV will demonstrate, the five
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individuals that were interviewed also corresponded to two core groups of approximately 
three to four students that utilized the study space throughout the semester.
3.7.2. Conducting the Interviews
All interviews were video-recorded in order to capture gestures, tones of voice, and 
points of particular interest that arose during the interview. Each interview was semi­
structured in design and lasted approximately 45 to 60 minutes. I chose semi-structured, 
rather than structured, interviews to allow for expansion of understanding into topics I 
had not originally considered looking at (Denzin & Lincoln, 2003).
The member-check interviews were conducted one on one with each participant.
This was because I was seeking clarification on the individual’s perspective on his or her 
interactions and journal entries. The presence of other members of the group during the 
interview might have kept individuals from speaking candidly.
As there was no student activity in the designated study space during the first two 
weeks of the semester, I had to allow additional time for the groups to get established 
and for me to start developing theories regarding macrotasks, microtasks, and student 
roles. Thus the first round of interviews took place nine weeks into the semester. This 
was so that I could develop the corpus of data necessary to develop a sense of which 
individuals were working together in groups and what roles I thought were present in 
each group in order to determine who to interview. The second round of interviews took 
place around five weeks after the first round.
The first interview was designed to gather background information. Students were 
directly asked about their study habits and previous group experience. Rather than 
explicitly testing my working hypotheses at this time, as I had so few observed study 
sessions to base them on, students were asked to share their initial perspective of what 
roles they assumed in the group prior to sharing my conjectures.
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The second set of interviews followed up on any questions or loose ends left over 
from the first interview and served to test my refined understandings of the roles the 
student exhibited. During the second set of interviews, I used video-clips containing 
interactions of interest and journal entries written by the individual to probe their 
recollection and guide the interviews to help test my hypotheses and gain further insight 
into certain observed group interactions. By this round of interviews I had come to 
believe I had evidence of each participant acting in one of three tentative roles: as a 
lecturer, or expert peer, for the rest of the group, as a student asking a peer to teach a 
particular skill or concept, and as an equal, engaging in a mathematical negotiation over 
the correct solution strategy to a problem.
To verify whether my hypotheses on these roles were correct, the participant was 
shown three microtask clips, one for each assumed role and after prompting for 
recollection they were asked questions about their behavior such as “How is that the 
same, or different, than in this clip?’’ I then shared my interpretation of their behavior with 
them and asked them for their perspective and corrective feedback.
3.7.3. Analysis of Interviews
Video-recordings of the interviews were transcribed and the transcripts were coded 
in two phases. During the first coding phase, I tracked whether or not the student 
confirmed my hypotheses regarding the role he or she has assumed in the group and 
the microtasks I felt comprised that role.
During the second pass of coding, I added additional descriptive codes to indicate 
how the student had either confirmed my hypotheses or caused me to adjust my 
hypotheses. For instance, if the student had simply answered “yes" to a direct question 
regarding my hypothesis, I coded that as confirmation -  agreement. However, if the 
student volunteered additional information that supported a hypothesis I had not directly
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introduced, I coded it as unprompted confirmation and indicated agreement or 
disagreement. I coded the instances where the student disagreed with my hypotheses in 
a similar manner. That is, if their disagreement was in the form of a direct “no” or “I donl 
think so” in response to one of my questions, it was be coded as challenge -  direct 
disagreement.
This coding scheme allowed me to test my working hypotheses during both rounds 
of interviews. During the first round of interviews this coding gave me direction on where 
to focus my attention over the course of the next five weeks of observation. In cases 
where a discrepancy arose, either between my preliminary hypotheses and the interview 
results or between the interview results and the subsequent study session observations,
I reconsidered the data that had led me to my preliminary hypotheses and looked to 
collect further data that either supported my original thoughts or completely refuted them. 
In either case, after the next five weeks of observations I was armed with new 
hypotheses to check during the second round of interviews. The second round of 
interviews was then coded using the same scheme as the first round of interviews.
3.8. Validity
Qualitative research often faces its most difficult challenge in asserting its validity.
For this particular study, I have taken care to triangulate, or cross-check data across 
multiple sources in order to confirm, my findings. Both the member-check interviews I 
conducted as well as the journal entries I collected provided me with the means 
necessary to compare my findings with participants’ perspectives. Since students filled in 
the journal entries at the end of each study session, I had insight into the students’ 
immediate reflections of their study activities. Once I had compared my interpretations of 
what occurred during a study session with the student journal entries, I developed my 
questions for the member-check interviews to verify my preliminary hypotheses. During
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the member-check interviews the students were able to correct my hypotheses and offer 
additional insight into their interactions by reviewing several short video-clips. In this way 
I was able to ground my interpretations in both the participants’ perceptions and lived 
experiences.
To gain perspective from outside of the study, I shared my coding, my hypotheses, 
and my developing definitions with another researcher to ensure my conclusions and 
coding schemes were reasonable. After each phase of coding I consulted with the 
researcher, sharing the macrotasks, the microtasks, and eventually the student roles I 
believed I had found along with data to support my claims. At each stage of the process 
the consulted researcher pushed for better explanations, additional evidence supporting 
my claims, and further clarification of my ideas. Overall this repeated negotiation to 
further refine my ideas and definitions served to strengthen the results I present in 
Chapter V.
3.8.1. Previous Relationship with Participants
What may have had the most impact on this study was my previous relationship with 
several of the students under observation. By the time I observed these students in a 
study group situation, I had known them for a year. I was their teaching assistant for two 
consecutive semesters for the honors calculus sequence. I anticipated a period of 
shifting roles at the beginning of the study as the students adjusted to my new role as 
researcher and observer rather than teaching assistant and learning resource. I hoped 
that this shift would be further aided by the fact that these students were assigned a 
different teaching assistant for the course they enrolled in the semester they were under 
observation.
For the most part the students had little trouble adjusting to my new role. Early on in 
the semester, they would ask for my assistance on a problem or whether a certain type
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of response was likely to receive full credit if it was turned in for an assignment. In 
response to these prompts I would remind them that I was not affiliated with their course 
this semester and did not have the answers they needed. I chose this response style to 
demonstrate that I was an observer of the situation and to help them view me as no 
longer being a possible resource. Fortunately as the semester wore on, these episodes 
occurred less and less. On the few occasions they did arise the students tended to self- 
correct observing “oh right, you don't know the answer to this.” However, there were still 
small bouts of off-topic discourse that occurred at the start and finish of each session as 
the students greeted me upon entering or asked for journal entry worksheets to fill out 
before they left.
As I discussed earlier in the Setting and Participants section, the ratio of participants 
in this study with honors calculus experience to those without was seven to five. I had no 
previously established relationship with any of the participants that had not been part of 
the honors calculus sequence. Over the course of the semester however, it appeared 
that the credit and trustworthiness I had developed with the honors calculus students 
was shared and I was able to “get in” with the newer students.
It remains unclear to me whether the honors calculus students had to adjust their 
previous study groups to include these newcomers. I am also unsure how the summer 
semester “o ff from school impacted the honors calculus students’ relations in the groups 
they had previously formed. I speculate that the time off may have made it easier for the 
old groups to redistribute themselves into new groups that included the new individuals. 
Fortunately my intuition that the students from the honors calculus sequences would 
continue to study in groups, and incorporate some of the newer students, was realized.
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3.8.2. Biases Regarding Group Roles
I do not feel that I had biases regarding the roles I thought the students from the 
honors calculus sequence already embodied at the beginning of this study. My rationale 
for this sentiment is that when these students came to office hours to study with me, I 
took an active leadership role in guiding their thought processes. I was not a passive 
observer waiting to see how the group would confer with each other to reach consensus.
I rarely gave them time during my office hours to work as a group. I did encourage 
interactions between students in attendance, but paid little attention to who I asked to 
share an answer or to ask the next question to review. To make those decisions I usually 
relied on my knowledge of which student had been at office hours longest, which 
students I knew had to leave office hours earlier than others, which students were 
struggling with a topic or concept and which students were not. I recognize that by 
making those decisions during office hours I may in fact have influenced the student later 
when they were working in their study group. However, I do not know for certain that my 
modeled behavior made any impact, or what exactly that impact might have been.
Additionally, I do not believe that entire study groups had visited my office hours at 
the same time. I base this observation on the similarities I saw on homework 
assignments submitted by several individuals. This is not to be mistaken with an 
accusation of cheating. The work was not carbon copied from one paper to the next, yet 
there was a clear flow of similar logic through certain problem solutions that presented 
itself on several groupings of student papers. Thus I had developed a sense of which 
individuals I suspected of working together outside of the classroom. I have not made 
any speculations as to how these groups interacted while working together. So although 
I had seen students interact with each other during office hours, most of those
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interactions were not between students who I believed collaborated on homework and 
studied together.
Finally, it should be noted that although the instructor of the honors calculus 
sequence encouraged students to work in groups together, he gave little instruction on 
how their group should structure itself. He did not hand out lists of roles. When he 
interacted with groups of students it was to check their progress on the assigned 
problem not to ensure that everyone was playing a clear part in the group process or 
working together efficiently. If a group seemed to have veered way off topic, he would 
take the time to refocus the entire group on the task at hand rather than directing each 
student individually. In this study I do make the assumption that the professor’s behavior 
carried over from the honors calculus sequence into the course I drew my participants 
from.
However, it would be unfair to state that I have no biases regarding the sorts of roles 
I thought would arise. As I believe that I am able to investigate which roles arise in a 
group already stands as a testament that I believe roles occur. My informal hypotheses 
regarding roles such as “organizer” or “idea generator" were informed by my own 
experiences as a student, anecdotes that students and friends have shared with me 
regarding their group work, and the literature I have read in this field. Despite having 
some preconceptions of what I thought I would see in the field, I was still in the process 
of negotiating those understandings as I undertook this project.
3.9. Summary
The plan for data collection and data analysis has been optimized to promote the 
validity of the study by including opportunities for member checks through interviews and 
triangulation of conclusions across multiple data sources, namely the interviews, the 
journal entries, and my own observations. The biases I may have had with respect to
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prior relationships with students involved in the study pose a minimal threat to the overall 
validity of this study.
The results of applying these research procedures are shared in Chapters IV and V. 
In particular, Chapter IV explores the results of applying social network analysis 
techniques to the attendance data that was gathered through direct observation and 
journal entries. The conclusion of Chapter IV identifies the groups of students that I used 




DETERMINING STUDENT STUDY GROUPS 
The intent of this study was to gather information regarding the patterns that arose in 
student interactions, the factors that caused those patterns to change, and the materials 
students utilized while studying together. As such, the data gathered during the course of 
this study was primarily qualitative in nature as it is comprised of field notes, video 
footage, journal entries, and interviews. However, as I sat down to look for the relevant 
information in the gathered data, I quickly realized that I needed to be able to justify 
which collections of students I termed study groups. Thus this section provides an 
explanation of why the identification of study groups was necessary, a description of the 
quantitative tools that were used to identify the study groups, and the results of applying 
these tools to the data.
4.1. The Necessity of Study Group Identification 
When I first undertook this research project, I thought the study groups would be 
immediately apparent. I imagined that the same cluster of students would appear again 
and again. While I did develop some informal ideas on which student clusters 
represented groups, upon an initial review of the collected data I realized that the 
clusters I had come to think of as groups were not obvious directly from any of the data.
Trying to track groups through attendance records alone proved difficult because 
group participation appeared more fluid and dynamic on paper than I had previously 
anticipated. On some occasions a cluster of students that I thought of as a group would 
be in the space working and another individual would show up to use the space, find that 
cluster already in the space, and end up joining them. In other instances a student I had
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come to think of as belonging to a particular cluster appeared to belong to two or three 
different clusters. During the member-check interviews students claimed that they had 
select subsets of classmates they considered part of their study group, although this 
wasn’t necessarily reflected on journal entries due situations such as the above. Despite 
the confirmation of several hypothesized study groups through member-check 
interviews, I felt there was enough variation between those and the study session 
attendance records that an empirically defendable partition was necessary.
4.2. Social Network Analysis 
Fortunately social network analysis possesses many theories and techniques that 
have been developed to look for patterns in what connections exist between participants 
based on the events they attend together. In the context of this study, the participants 
are the students that used the study space and the events are the study sessions. It is 
important to note that what is meant by a study session here is the period of time from 
the first student arriving in the reserved space until the last person that had shown up 
during the session left the space. Thus, a study session is not necessarily a single day 
or date as up to 3 distinct study sessions were observed to occur in the span of one day.
4.2.1. Affiliation and Co-membership Matrices
As discussed in the methodology chapter, by treating each study session as an 
event I was able to create an affiliation matrix that recorded which students were present 
at, or attended, each event. With the columns representing the study session and the 
rows representing the participants, each entry of the matrix, a//, is assigned a 0 in the 
case that student / was not present at study session j  or a 1 if student / did attend study 
session j.
From there I developed the associated co-membership matrix, which tallied the 
number of events each pair of participants have in common. In this context each entry of
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the matrix, x represents how many study sessions were attended by both student i and 
student j. The diagonal entries, xih record how many study sessions overall a particular 
student, /, attended. Both the complete affiliation matrix and its associated co­
membership matrix are presented in Appendix D.
4.2.2. Graphs as Student Study Groups
Once the co-membership matrix was established, it was converted to an undirected, 
weighted graph where the vertices represent participants and the weighted edges 
represent the number of study sessions attended by the participants they connect. My 
focus at this time is upon the edges connecting pairs of students rather than the number 
of times a single student has been observed, or reported to be, studying. Hence I believe 
that removing the number of times a single student has been observed in the study 
space, or reported as attending a study session outside of the designated space, will not 
negatively impact the findings. Thus I chose to zero out the diagonal entries of the co­
membership matrix prior to creating the graph presented in Figure 4.1 in order to avoid 
over-complicating the graph by including weighted, reflexive edges.
Figure 4.1. The graph generated by the co-membership matrix associated with the
affiliation matrix for all observed and reported study sessions.
4.2.3. Types of Study Sessions
It is worth noting that the co-membership matrix that was turned into a graph made 
no distinction between types of study sessions. This is important because the type of 
session, with respect to size and purpose, could impact which students chose to attend. 
It is possible that sessions featuring a large number of students in attendance could be
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comprised of two or more smaller study groups working together rather than one large 
study group.
4.2.3.1. Developing a Classification of Study Sessions
Review of the field notes from direct observation of the study sessions and student 
responses on the student journal entries suggest a two-dimensional breakdown of types 
of study sessions along the dimensions of the group’s size and the group’s purpose for 
studying. Study sessions were attended by groups of one of two sizes, either they were 
a small group of five or fewer participants, or they were a large group, typically six or 
more attendees. To decide where to make the cut off in labeling the size of the groups 
as small or large I first determined the average group size by averaging the attendance 
of study sessions that were attended by two or more participants. The result was 
approximately 3.67. As 3.67 is 1.67 above the two student lower bound, I added 1.67 to 
3.67 to get approximately 5.34 for the upper bound. Rounding to the nearest whole, five 
was selected as the cut off for small group size.
The students’ purposes for studying included doing extra practice problems to 
improve understanding of a concept, working on a homework assignment, or preparing 
for an exam. Study sessions with the purpose of doing extra practice problems typically 
involved a single student, working alone, finding extra problems from textbooks or 
internet resources in order to practice an algorithm or improve his understanding of a 
concept. In all three cases, the focus of the students was on doing problems.
The decision of how to classify a study session’s purpose was based primarily 
observations recorded in the field notes and on student responses to the prompt “What 
were you working on during this study session? (Ex: review, homework)” on the student 
journal entries. The breakdown of observed and reported study sessions across the two 
dimensions is given in Table 4.1 below. For the most part there was consistent
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agreement between the field notes and the student journal entries, where applicable. 
Only two of the observed small group study sessions included activities that focused on 





Observed Reported Observed Reported
Purpose for 
Gathering
Practice 2* 1 0 0
Homework 24* 4 2 1
Exam 7 6 2 0
Table 4.1. Breakdown of types of study sessions that were observed or reported on in 
journal entries over the Fall 2011 Semester. Two sessions were counted twice as they 
contained both homework and practice problem activities.
Reconsidering the affiliation matrix in light of Table 4.1, it appears that its associated
«
co-membership matrix possessed many connections to students that only appeared in 
the space once or twice, typically for large group test reviews or large group homework 
sessions. For instance, from the complete co-membership matrix it is clear that student 
S00 has been observed, or reported as, participating in two study sessions. The 
affiliation matrix confirms that S00 attended sessions LHR1 and LHR2, both of which 
were large group sessions for the purpose of working on homework assignments.
4.2.3.2. Implications of Study Session Size
Additional review of the large group homework sessions coupled with student 
interviews showed that the large group homework sessions were often review type 
sessions held the night before a homework assignment was due. For instance, in 
response to the prompt “What were you working on during this study session? (Ex: 
review, homework)” on his journal entry for one such session S12 wrote “Reviewing 
HW#5.” Similarly, S17 mentioned in her interview that she had participated in these 
sessions in the dormitories just to review her answers prior to turning in the assignment.
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Thus rather than demonstrating the problem solving activities inherent in the small 
group homework sessions, these sessions bore more resemblance to large group test 
reviews where the goal was to work through the assignment from start to finish and 
ensure that each individual had a valid solution and correct answer for each problem. 
That is, while all of the observed sessions focused on doing problems the large group 
study sessions were typically more focused on ensuring that each individual had a valid 
solution to each problem.
4.2.4. Refined Graph of Student Study Groups
In order to reduce the complexity of the resulting graph in Figure 4.1 and facilitate the 
determination of subgroups, I chose to refine the affiliation matrix and co-membership 
matrix so that the entries represented only the connections between students that 
existed from small-sized study sessions. Both the original and refined matrices are 
presented in Appendix D. Large group sessions, of both the homework-oriented and 
exam review varieties, typically focused on comparing answers and reviewing problem 
strategies that had been worked out prior to the study session. The activities observed 
during the small group study sessions were more about constructing understanding and 
negotiating solution strategies while doing the problems. Hence the groups identified by 
analyzing a co-membership matrix based on only small-sized study sessions would be 
more representative of the groups students develop to improve their understanding of a 
concept. The resulting graphical representation of the newly refined co-membership 
matrix can be seen in Figure 4.2 below. While there is still one very intricate portion of 
the graph, two subsets of students emerge: the individual {S00} and the quadrangle 
{S03, S04, S06, S08}.
Further inspection of this graph with respect to the affiliation matrix offers several 
significant observations. First, it is clear that individual S00 was not observed attending,
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or reported as attending, any small group sessions unless he was studying by himself. 
This conclusion is drawn because he appears as a single, unconnected vertex. In fact, 
as observed earlier, S00 only participated in two large group study sessions.
Figure 4.2. Graphs generated by co-membership matrix from adjacency matrix of only 
small group study sessions. List from left to right, the sets of students are: {S01, S02, 
S05, S07, S09, S10, S11, S12, S13, S14, S15, S16, S17, S18, S19, S20, S21, S22,
S23}, {S03, S04, S06, S08}, {S00}.
Next, because all the edges in the quadrangle of students {S03, S04, S06, S08} have 
a weight of 1, one can surmise that they only used the space once, together, for a small 
group homework session. Finally, the remaining portion of the graph, comprised of the 
set of students {S01, S02, S05, S07, S09, S10, S11, S12, S13, S14, S15, S16, S17,
S18, S19, S20, S21, S22, S23>, includes collections of students who only made one or 
two appearances in the space. Thus there are some edges representing connections 
that do not offer sufficient or reliable data.
Participation in only one or two study sessions did not provide enough data about a 
student to determine what that student’s typical study behaviors were. It also was not 
enough time to determine whether he or she was actually part of a study group. 
Anecdotally some of these instances may be explained as students that were not part of 
specific study groups stopping by the study space to see if there were other students to 
work with already in the space or students that decided to use the space and found
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others already working in the space. For instance, on one journal entry student S16 
responded to the prompt “Whose idea was it to study today?” with: “Mine, I just showed 
up.”
Both the one- and two-mode analysis techniques from the realm of social network 
analysis are designed to filter out these sorts of atypical attendance patterns (Knoke & 
Yang, 2008; Wasserman & Faust, 1994), leaving observable groups of students that 
appear to be purposefully studying in the space at the same time.
4.2.5. One-Mode Analysis
One-mode analysis is used to analyze the relations that exist within one mode, either 
the actors or events, based on an affiliation matrix and its associated co-membership 
matrix. In the context of this study, one-mode analysis will provide insight into either the 
connections that exist between students, how many study sessions has each pair of 
students attended together, or the connections that exist between study sessions, how 
many students does each pair of study sessions have in common. Out of these two 
possible analyses, this research focuses on the former, determining the structure within 
the connections between students.
Thus one major advantage to using co-membership matrices is that they are 
susceptible to the one-mode analysis technique of defining a clique at level c. In this 
study a clique at level c is taken as “a subgraph in which all pairs of actors share 
memberships in no fewer than c events” (Wasserman & Faust, 1994, p. 320). Thus, this 
analysis technique will identify subsets of students such that every pair of students has 
attended no fewer than c study sessions together.
4.2.5.1. Software Solution
Determining the “cliques at level <f is accessible via current computing platforms 
including Mathematica, Gephi, and Sage. Sage proved to have one of the easiest
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interfaces for programming and created the most visually appealing graphs. The code for 
rendering the graphs presented in Figures 4.2 through 4.5 is available in Appendix E. 
Armed with a definition of clique at level c and software that enables its computation, I 
turned my attention to answering the question of which students were studying together.
4.2.5.2. Analysis
As observed when looking at the initial graph in Figure 4.2, the main issue that arose 
when attempting to analyze the relations between the largest connected set of students, 
given by the set of vertices {S01, S02, S05, S07, S09, S10, S11, S12, S13, S14, S15, 
S16, S17, S18, S19, S20, S21, S22, S23}, was the existence of potentially extraneous 
edges, of weights one and two, between several pairs of those vertices. Thus I continued 
my analysis by seeking all cliques at level two, or all complete subgraphs in which every 
edge is weighted with a two or higher, as these will represent small groups of five or 
fewer students who met to study together at least two times. The removal of all edges 
representing connections between the students who were reported to work together on 
homework only once leaves us with the graph in Figure 4.3.
Figure 4.3. The graph that results from cutting all edges weighted with 1. 
Using the Sage subroutine maximal_cliques() on the resulting graph returns all 
subgraphs that possess edges of weights two or more between every pair of vertices.
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This is consistent with both the definition of clique at level two and the subsets I had 
hoped to uncover of students who had studied together at least twice. Therefore these 
subgraphs are candidates for groups that should be analyzed in greater depth. In this 
case, the subroutine returned the sets as pictured in Figure 4.4: (A) {S02, S11}, (B) {S05, 
S12}, (C) {S11, S12}, (D) {S12, S15}, (E) {S02, S13, S15}, (F) {S02, S15, S23}, (G) {S12, 
S14, S17, S19>, and (H) {S14, S16, S17, S19}. Looking at the weights along the edges in 
each of these subgraphs it is clear that while all of these subsets of vertices represent 
complete graphs, with an edge connecting every pair of vertices, several of these groups 
have appeared together more frequently than others.
(C)
Figure 4.4. Visualizations of the cliques at level 2.
In particular, grouping (E) {S02, S13, S15} has more edges with higher weights, than 
grouping (F) {S02, S15, S23>. This is because S02 and S13 worked together four times, 
S13 and S15 worked together five times, and S02 and S15 worked together nine times in
grouping (E) whereas in grouping (F) S02 and S23 only worked together twice and S15 
and S23 only worked together twice. Thus, while both grouping (E) and grouping (F) may 
be groups, it is more likely that grouping (E) reflects an actual study group since all of its 
participants have met together with greater frequency than the participants in (F). 
Similarly grouping (G) {S12, S14, S17, S19} has only one edge of weight two, which 
occurs between S12 and S17, while grouping (H) {S14, S16, S17, S19} has three edges 
of weight two occurring between S16 and each of the other participants in (H). Based on 
this, an argument can again be made that grouping (G) is more likely to represent an 
actual study group than grouping (H).
Figure 4.5.
that results -----------------------
all edges with weights less than 3.
The graph 
from cutting
Raising the c level by just one more level leaves us with the even further reduced 
graph in Figure 4.5 and confirms the following cliques at level 3 to be of interest: {S02, 
S13, S15>, {S12, S17, S19>, {S14, S17, S19>. Even without the maximal clique analysis, 
the visualization of the remaining graph in Figure 4.4 suggests that the two subsets of 
students that have been observed or reported to be working together the most are {S02, 
S13, S15}and {S12, S14, S17, S19}. Thus we can conclude from this one-mode 
analysis that the data collected most prominently features the two student study groups
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{S02, S13, S15} and {S12, S14, S17, S19} with at least one session featuring the group 
of students {S03, S04, S06, S08}.
4.2.5.3. Summary
This conclusion closely aligned with my observation-based intuitions of which 
clusters of students were self-formed study groups. However, I acknowledge that the 
selection of c = 3 could be taken as purely subjective and self-confirmatory. This is 
because the selection of c = 3 was chosen to rule out two other possible subgroups in 
the discussion of Figure 4.3.
Another potential issue with this analysis is that the one-mode analysis performed 
above focused only on the connections between participants.
The use of just the co-membership matrix to determine student study groups is limited 
because it relies solely on the number of times students were reported as working in the 
same space. This method fails to take into account which small group study sessions, 
homework-oriented or exam-oriented, the students attended. Thus any additional 
information that could be derived from also observing which events the students 
attended together, such as whether different combinations of students gather to work on 
homework versus review for an exam, is lost during one-mode analysis. To resolve 
these potential issues, I chose to also explore the two-mode method of correspondence 
analysis in order to confirm my findings regarding which subgroups of students represent 
study groups.
4.2.6. Two-Mode Analysis
This method, unlike the one-mode analysis just investigated, accounts for both the 
students and the events they attended simultaneously. Wasserman and Faust point out 
that this “method has the advantage that it provides an objective criterion for placing both 
actors and events in a spatial arrangement to show optimally the relationships among
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the two sets of entities” (1994, pg. 334). Quite literally, correspondence analysis is 
designed to accept the information available from an affiliation matrix, determine 
underlying structures within the data, and return a visual representation of the data as 
points in lower level Euclidean spaces. This means that participants and events get 
turned into points in two or three-dimensional space with the understanding that the 
closer two points are, using an appropriate Euclidean distance, the more those points 
have in common.
In terms of students and study sessions then, the distance between two points 
representing a pair of students provides general information about the number of study 
sessions and the number of study partners that are common between the two students. 
The closer those two points are, the more study sessions they are likely to have 
attended together and the more study partners they are likely to have in common. The 
farther apart those two points appear indicates that those students have few study 
sessions or study partners in common.
4.2.6.1. Software Solution
An additional advantage to this analysis technique is that nowadays there are 
several software options capable of running this type of analysis. For this study I used 
JMP Pro 10 as it is equipped with correspondence analysis techniques within its 
contingency platform and can create both 2 dimensional and 3 dimensional 
visualizations of the results.
To prepare the data for analysis in this program, I used the same small group size- 
oriented affiliation matrix from the one-mode analysis, with one modification, to establish 
a JMP Data Table of three columns: Participant, Event, and Attendance. The 
modification is the exclusion of student S00 from analysis since, as was observed earlier 
during the one-mode analysis, S00 was never reported or observed attending a small
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group study session with other participants. Thus the student was excluded from this 
phase of the analysis due to the limitations of the correspondence analysis algorithms in 
JMP Pro 10.
With the exception of student S00 then, each student is listed 44 times in the 
participant column of the table in order to account for each small group study session 
event listed in the Event column. The Attendance column is treated as a frequency count 
for the number of times each student was observed at each session. Thus the 
Attendance column is filled with either a 0, if the student did not attend the session in 
question, or a 1, if the student did attend the study session. This table is available in 
Appendix D.
With no further modifications to the data, the first run of the correspondence analysis 
submodule of the Fit Y By X platform yielded the 3-dimensional visualization of the data 
presented in Figure 4.6. Table 4.2 lists the coordinates assigned to each participant. As 
identified previously, the more similar two students are, with respect to study sessions 
attended or study partners in common, the shorter the Euclidean distance between their 
coordinates will be.
4.2.6.2. Analysis: Round 1
One unfortunate side effect, in this particular instance, is that when several values 
overlap in the point in space, legibility is non-existent. Fortunately we can make sense of 
some of the overlapping points and clusters that are visible in Figure 4.6 by looking for 
which participants possess the same set of coordinates, or very similar coordinates, in 
Table 4.2. Participants that share the same set of coordinates will be those that overlap 
within Figure 4.6 and participants that have very similar coordinates will be clustered 
more closely together in the figure.
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Participant c1 C2 c3
S10 -0.225 -1.602 1.886
S23 -0.225 -1.207 1.269
S22 -0.225 -1.001 1.044
S02 -0.225 -0.974 0.799
S15 -0.225 -0.96 0.786
S13 -0.225 -0.923 0.764
S18 -0.225 -0.29 -1.037
S11 -0.225 -0.275 0.201
S16 -0.225 -0.218 -0.698
S17 -0.225 0.028 -0.86
S14 -0.225 0.236 -1.105
S19 -0.225 0.248 -1.083
S12 -0.225 0.37 -0.386
S20 -0.225 0.491 -0.574
S05 -0.225 0.606 -0.032
S01 -0.225 1.512 0.475
S09 -0.225 2.132 1.076
S21 -0.225 3.248 2.384
S07 -0.225 4.31 3.543
SOS 4.45 0 0
S04 4.45 0 0
S06 4.45 0 0
S08 4.45 0 0
Table 4.2. Results of initial correspondence analysis sorted by coordinate c1.
81
®  Participant ®  Event 
Figure 4.6. Depiction of student and event clustering in 3 dimensional space.
Observing these points we see that at least one of the same student clusters from 
the first level of clique analysis during the one-mode analysis arises here as well. 
According to the coordinate table, students S03, S04, S06, and S08 are most similar and 
share the set of coordinates c1 = 4.45, c2 = 0, and c3 = 0. From the 3 dimensional 
representation in Figure 4.5 and table of coordinates we see that students S07 and S21 
are the most dissimilar from the remainder of the participants and from each other as
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Figure 4.7. Zooming in on the 3-dimensional space from Figure 4.5, we see S09 and 
S01 separate from the two main clusters located in the middle of the space.
Zooming in a little farther on the 3-dimensional plot in Figure 4.6 we see that 
students S09 and S01 are also physically distant from the rest of the group that appears 
to form two main clusters. This physical distance implies that students S09 and S01, in 
addition to S07 and S21, have very few study partners in common with other students or
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have not attended many study sessions. As such, students S01, S09, S07, and S21 are 
not likely to be members of a stable study group.
For the next round of analysis I exclude the set of students {S01, S03, S04, S06,
S07, S08, S09, S21} as well as the set of events that only they attended. Students S01, 
S07, S09, and S21 are excluded as they most likely are not members of a study group 
whereas S03, S04, S06, and S08 are excluded because it is already clear that they form 
a study group of their own. By excluding these students and events, similarities and 
connections can be found among the remaining students of interest to determine which 
students are central to the observed clusters.
4.2.6.3. Analysis: Round 2
Running the same correspondence analysis algorithm on the reduced population we 
now generate the smaller table of coordinates seen in Table 4.3, the computed distances 
between the coordinates given in Table 4.4, and the clearer 3-dimensional visualization 
presented in Figure 4.8. The two cores of the clusters noted earlier become even clearer 
in these representations and we can see that they are the groups of students {S02, S13, 
S15} and {S14, S17.S19}.
Not only are the sets of students {S02, S13, S15} and {S14, S17, S19} physically 
clustered in 3 dimensional space, but the computed distances between their respective 
vertices presented in Table 4.4 leaves no room for doubt that these students are related 
to each other. That is, students S02, S13, and S15 have attended many study sessions 
together and have many study partners, mostly themselves, in common. A similar 
statement can be made about students S14, S17, and S19.
Using the distance formula for 3-dimensional Euclidean space we can confirm the 
proximity of these students to each other, observing that students S02, S13, and S15 are 
all within 0.15 units of each other. The next closest student to any of those three
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students is over one unit away. Similarly, students S14, S17, and S19 are all within 0.5 
units of each other with the next closest student also over one unit away.
Participant c1 c2 c3
S02 1.153 -0.264 -0.654
S05 -0.443 1.447 -0.658
S10 2.303 0.906 5.621
S11 0.267 0.574 -0.809
S12 -0.57 0.787 -0.094
S13 1.093 -0.159 -0.645
S14 -0.955 -0.446 0.401
S15 1.134 -0.269 -0.613
S16 -0.352 -1.831 0.126
S17 -0.645 -0.6 0.214
S18 -0.5 -4.374 0.347
S19 -0.948 -0.373 0.382
S20 -0.809 1.88 -0.259
S22 1.325 0.579 0.832
S23 1.622 0.379 2.036
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Figure 4.8. The 3-dimensional plotting of the values from Table 4.3. Two distinct clusters
Event
stand out: {S02, S13, S15} toward the bottom left and {S14, S17, S19} in the middle left 
portions of the space.
Thus with two-mode analysis S14, S19 and S17 appear to relate more closely to 
each other than was thought during the original one-mode analysis. As S12 is more 
centrally located within the 3-dimensional space and is equidistant from several other 
students’ coordinates, it is apparent that his many appearances both alone and in the 
presence of other individuals not often associated with particular groups impacts his
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distance to the cluster of {S14, S17, S19}. Thus the conclusion of two-mode analysis is 
that the clusters {S03, S04, S06, S08}, {S02, S13, S15}, and {S14, S17, S19} are all 
groups of the most similar students. In the context of this study then, {S03, S04, S06, 
S08}, {S02, S13, S15}, and {S14, S17, S19} are the student study groups that can be 
observed through the collected data.
4.3. Summary
Both one-mode analysis and two-mode analysis indicate that the sets of students 
observable through the collected data are {S03, S04, S06, S08>, {S02, S13, S15}, and 
{S14, S17, S19}. Although there is some disagreement in the analysis regarding whether 
S12 is to be included in the set {S14, S17, S19} or not, the agreement of the two 
techniques on most other points shows the robustness of the findings and is consistent 
with the researcher’s intuitions on the groups that were observed.
Unfortunately there was only one study session that featured the group {S03, S04, 
S06, S08} that was observed during the Fall semester. While that made them a very 
clear group in both one-mode and two-mode analysis, it did not leave much data for me 
to analyze. Additionally, these students did not complete journal entries for any study 
sessions they may have attended outside of the designated study space, which left me 
even less data to test my hypotheses against. Thus I focus the remainder of the 
analyses regarding patterns in group interactions and emergent roles on the two groups 
{S02, S13, S15} and {(S12), S14, S17, S19}.
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CHAPTER V
WHAT HAPPENS WHEN STUDENTS STUDY TOGETHER 
Now that I have identified several study groups that met regularly in the designated 
study space, I look at what sorts of students are members of these groups and what 
transpires between them when they study together. This chapter focuses on the 
members of the two student study groups identified by one-mode and two-mode analysis 
in the previous chapter: {S02, S13, S15} and {S12, S14, S17, S19}. Due to the influence 
of both ethnographic and grounded theory approaches on my data collection and 
analysis, I present the data in this chapter in two parts.
The first part of this chapter shares the results from an ethnographic research 
perspective by introducing the members of each group and summarizing the study 
sessions I focused on during my analysis. There are several important traits held by 
these individuals that contributed to what I looked for within their group interactions and 
the roles they assumed. The types of study sessions that I observed were also affected 
by the decisions of these group members. Thus it is important to present these 
individuals’ traits and an overview of the study sessions at large in order to properly 
situate the findings in the second part of this chapter.
The second part of this chapter presents the results of my grounded theory inspired 
analysis as I develop a description of what happens during the observed group study 
sessions. In this part I discuss the macrotasks, the verbally-cued transactions that 
identify what activity the group is currently engaged in doing, the microtasks, the 
recurring patterns of interactions between students that occurred within the macrotasks, 
and the roles that emerged within the study groups.
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5.1. Part I: The Groups and The Study Sessions
Ethnographic research approaches lead to results presented in a more narrative 
style as the researcher describes the culture and participants that were observed. Thus 
in this part of the chapter I provide background information about the participants I 
focused on since the types of interactions that arise in these groups and the types of 
study sessions the groups participated in are both directly influenced by the decisions of 
the groups’ members.
5.1.1. Meet the Groups
From here on out I use the term Core Group A to identify the set of students {S12, 
S14, S17, S19} and Core Group B to identify the set of students {S02, S13, S15}. I refer 
to them as core groups since these were the groups of students that were observed in 
each other’s company most frequently as shown through the analysis in Chapter IV. This 
does not preclude them from having other individuals join them during a study session 
nor does it mean they always meet with all members of the group in attendance.
To facilitate clearer discussions in the second part of this chapter about the 
interactions that were observed between participants, I also rename the students in Core 
Group A and Core Group B with pseudonyms at this time. This way it will be easier to 
identify which student is talking in the segments of transcripts that are presented later.
When groups meet, the individuals that make up each core group bring certain ideas 
and beliefs about studying and group work with them. As the behaviors and practices the 
students exhibit can be influenced by these perspectives, I give an overview of the 
individuals that make up each group to provide background and a base explanation for 
their actions I discuss later.
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5.1.1.1. Core Group A
Core Group A was comprised of the members Josh (S12), Zoey (S14), Abigail (S19), 
and Amy (S17). Josh and Amy were enrolled in the same calculus sequence during the 
previous academic year and worked together in a study group with a third peer during 
the previous spring semester. Amy also met Zoey and Abigail during the previous 
academic year when they were enrolled in a non-calculus mathematics course together. 
During the fall semester, familiarity grew between all four of them as Josh was an 
outgoing, friendly individual and Abigail, Zoey, and Amy sat near each during class. 
Unlike Amy, Abigail, and Josh, Zoey chose not to participate in any interviews. As this 
makes it difficult to characterize her thoughts on studying and her beliefs in how she 
contributes to the group, I focus instead on Josh, Abigail, and Amy.
5.1.1.1.1. Josh
Josh was a student of at least second year standing in the mechanical engineering 
program. Throughout his high school years, he didn’t experience many opportunities to 
work with other students in groups. He acknowledged that because of this it was 
challenging for him to integrate in study groups during his first year at college. He 
pointed out that “studying by myself I can be more efficient” and “when you’re in a study 
group, you’re balancing, like, everyone learns at a different rate.”
In selecting peers to study with, Josh looks for individuals that shared his ideals of 
starting assignments or review early, citing a correlation between starting early and 
being a good student. He also favored working with peers with strong personalities and 
mathematical convictions that can handle an argument over determining the correct 
answer or solution strategy. Josh was quick to point out that he also chose these 
individuals because he genuinely enjoyed their company as well.
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When asked what he felt he contributed to study sessions, he reflected that it 
depended on whom he was studying with. If it was an individual that he perceived as 
having a weaker grasp on the material he felt he spent more time explaining concepts 
and procedures whereas he was far more likely to argue with or challenge the peers he 
thought had the same, or better, understanding of the material as him. In other words, he 
felt he could be either Rogoff’s expert or equal partner (1990) depending on the situation.
5.1.1.1.2. Abigail
Abigail was a student of at least second year standing in the mathematics program. 
Citing herself as easily distracted, when Abigail was trying to “crack down or really study” 
she preferred working on her own. As such, her decision to join this study group was one 
of her first experiences with studying on mathematics in a group. In the past, she chose 
to seek out the teaching assistant or professor, but she has found the experience of 
working with her peers helpful for gaining feedback on her ideas even though her peers 
may not be as knowledgeable or correct as the professor.
Much like Josh, Abigail favored starting the assignments earlier rather than later. Her 
decision to work with other people was usually impacted by the readiness and availability 
of peers to get together and work rather than her own confidence regarding her 
understanding of the material. This is consistent with the findings of Hong, Sas, and Sas 
(2006) who found that the level of confidence with the course material could have an 
impact on how students chose to prepare themselves. Abigail also expressed a 
preference for scheduling study sessions at the same time as the professor or teaching 
assistant’s office hours, in order to facilitate checking her answers.
5.1.1.1.3. Amy
Amy was also a student of at least second year standing working on a degree in the 
mathematics department. Amy reported that she used to attend study sessions with her
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peers in high school but she stipulated that she attended those sessions more as a favor 
to her friends than as an attempt to improve her understanding of the material.
Upon reaching calculus in college, Amy changed the way she studied for 
mathematics because she realized the material had become more challenging for her. 
Despite feeling shy about approaching others to study with, she started forging 
connections through attendance at office hours and by recognizing and approaching her 
classmates in the dormitories. She said she liked studying with other people because 
they provided “different perspectives, and they can catch you in places where you make 
assumptions that aren’t necessarily true.” Thus Amy, like Josh, felt there was value in 
working with Rogoff’s (1991) equal partners.
5.1.1.2. Core Group B
Core Group B is comprised of Hugh (S02), Ben (S13), and Phil (S15). Unlike Group 
A, all of the members of Group B were enrolled in the same calculus sequence together 
the previous academic year. In fact, Hugh, Ben, and Phil were enrolled in the same 
calculus sequence as Josh and Amy. Thus they all had knowledge of each other from at 
least that course. When asked how they came to work in a group together, Hugh cited 
Phil’s outgoingness whereas Phil cited proximity of their living arrangements. Although 
Ben completed the occasional journal entry, only Hugh and Phil participated in both 
interviews and journal entries. Thus, I focus on Hugh and Phil’s perspectives on studying 
and group behaviors.
5.1.1.2.1. Hugh
Hugh was a student of at least second year standing pursing a physics degree. 
Because he was already familiar with most of the mathematics, Hugh didn’t feel the need 
to actively seek out others to study with during the previous academic year. Due to the
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nature of the material covered in this course, Hugh found himself more likely to seek out 
others to work with.
Within his study group Hugh considered himself the individual that was most likely to 
provide guidance on how to do problems or answer his peers’ questions, perhaps 
playing the role of expert partner in scenarios akin to Rogoff’s guided participation 
(2003). In the event that the group was working on a problem he didn’t already have an 
answer for, he felt that he would at least be able to contribute a new perspective on 
potential solution strategies. He explained “I find it helpful when I see someone else’s 
work, so I assume they find it helpful when they see my work as well.”
Generally though, he felt that he tended to have the answers for the homework 
assignment before everyone else because he started the homework about a week 
before it is due. By starting the assignment early, he was able to make more progress on 
its completion and since he was usually right, that meant he ended up answers he could 
share during the group study sessions.
5.1.1.2.2. Phil
Phil was a student of at least second year standing in the mechanical engineering 
program. He started studying with peers during his senior year of high school and 
continued the trend through the present day. When he started studying in groups, he 
viewed them as “half about doing the homework and the other half is just having fun,” 
that is he saw them as opportunities for socializing. After his first year of college Phil 
changed the individuals he was studying with. This led him to change how he studied, so 
that he focused more on the material than socializing.
Phil acknowledged that part of his problem was that he had a tendency to get 
distracted. However when asked if he contributes anything to the group setting besides 
being the distracter he stated that “I don’t think I’m always the complete distracter, I
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mean, sometimes I’ll be the one to pull things around and be like, no really, we need to 
get back to this.” The metacognitive awareness exhibited in this statement is 
reminiscent of the thought processes Schoenfeld (1985) aspired to capture within the 
episodes of his problem-solving framework.
5.1.1.3. The Core Groups Side By Side
Both groups appeared to have several self-identified individual types in common. 
Each group possessed at least one person that was likely to act as an expert peer or 
facilitator without prompting, provided that individual felt he or she knew the answer. 
Otherwise, he or she would defer assuming that role unless prompted to do so by the 
rest of the study group. Both groups also had an individual that felt he or she had a 
tendency to get distracted.
The major difference that existed between the two groups was with respect to the 
time of day at which they met. Since Abigail preferred to work on homework at the same 
time as the professor’s or the teaching assistant’s office hours, Core Group A typically 
met during the school day, often during the afternoon hours. Phil’s class schedule and 
Hugh’s work schedule made it difficult for them to get together during the daytime, so 
Core Group B tended to meet in the evenings.
Both the similarities and differences between the two groups came to bear on the 
patterns in interactions and behaviors that emerged during their respective study 
sessions. In order to demonstrate these effects, the next section identifies a set of study 
sessions that are representative of all the types of study sessions that the core groups 
engaged in.
5.1.2. The Observed Study Sessions
As identified in Table 4.1 in Chapter IV, study sessions were broken down across the 
dimensions of size and purpose. Both core groups participated in sessions of both sizes
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and in sessions that focused on doing problems and reviewing solved problems. In this 
section I focus on a set of study sessions centered around one assignment, referred to 
as Assignment A from here on out, which is available in Appendix G. The assignment 
was given to the students towards the middle of the semester and the students had two 
weeks to complete it.
This assignment was chosen as the focus for several reasons. First, since it occurred 
roughly halfway into the semester, it meant that the behaviors observed in Core Group A 
and Core Group B were likely to be representative of the way the students typically 
interacted with each other. This is because by this point in the semester both Core 
Group A and Core Group B had been working together for several weeks and would 
have established their group norms for communication and negotiation of meaning and 
understanding. Second, it featured two small group sessions for each core group as well 
as one large group session that was attended by several members from both core 
groups. This made it possible to observe how different behaviors could occur depending 
on size of the group and purpose of the study session without needing to take into 
account change in content.
While the core groups were present during the study sessions, there were some 
additional participants. Thus, I refer to Group A and Group B for the remainder of this 
chapter where Group A and Group B feature members of their respective common cores 
but also allow for extra participants. Group A was comprised of Josh, Abigail, and Zoey 
from Core Group A. Amy from Core Group A joined up with Hugh, Phil, and Ben from 
Core Group B with an additional participant, Conrad (S11), in order to form Group B for 
Session B1. During Session B2 Group B reduced to only Hugh and Phil.
Despite the apparent fluidity of group membership, the underlying core groups 
remained stable and the core group members accounted for the majority of the
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individuals present in each of the groups. Hence, the core group’s established norms 
would have the most influence on how the group members interacted. Furthermore, the 
majority of the macrotasks and microtasks that I define and discuss in Sections 5.2.1 
and 5.2.2 appeared across all observed study sessions regardless of which members of 
the group were present. This implies that these findings remain robust despite the fluid 
membership of these groups.
The study sessions featuring Group A and Group B working on Assignment B took 
place one week after the assignment had been posted and one week before the 
assignment was due. Table 5.1 presents a timeline of the group sessions with respect to 
the assigning date and the due date of the assignment. The table also shows the 
duration of each session and the time of day at which the session occurred.
Event
Day 0 Homework set is assigned.
Day 7 Session A1 - Group A meets from 2:15p - 4:00p.
Day 8 Session A2 - Group A meets from 3:30p - 5:40p.
Session B1 - Group B meets 9:00p - 10:50p.
Day 10 Session B2 - Group B meets 9:00p - 10:45p.
Day 13 Session C - Large Group meets from 8:05p - 9:35p.
Day 14 Homework set is due.
Table 5.1. The timeline for the assignment from date assigned to due date.
5.1.2.1. The Small Group Sessions
As observed earlier in the Meet the Groups section, Group A and Group B differed 
with respect to what time they met for their small group study sessions. In addition to this 
notable difference, Group A and Group B’s small groups study sessions possessed 
another distinguishing attribute; a difference in how the students organized their time 
doing problems. Over the course of their respective small group study sessions, the core 
groups appeared to make similar progress towards the completion of the homework 
assignment. By the end of the second sessions both groups had discussed problems #1,
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2, 3, 4, 5, 6, 7,8, and 10. Core Group A had also worked on problems #9 and 11 over 
the course of their two observed sessions. However, the groups varied in how they 
covered this set of problems. As summarized in Table 5.2, Core Group B addressed 
problems #1 through #5 during the first observed session and then problems #6 through 
#10, with a brief reading of #9, during their second session. Core Group A on the other 
hand talked about many of the problems, #1 through #7 in addition to #11, during their 
first session and revisited all those problems again during the second session as they











Problem #1 ✓ ✓ ✓ ✓
Problem #2 ✓ ✓ ✓ ✓
Problem #3 ✓ ✓ ✓ ✓
Problem #4 ✓ ✓ ✓ ✓
Problem #5 ✓ ✓ ✓ ✓
Problem #6 ✓ ✓ ✓ ✓
Problem #7 ✓ ✓ ✓ ✓
Problem #8 ✓ ✓ ✓
Problem #9 ✓ ✓
Problem #10 ✓ ✓ ✓
Problem #11 ✓ ✓ ✓
Table 5.2. A tally of which problems were discussed during each study session.
Other than the meeting time and the coverage of the homework problems, all the 
observed small group study sessions were similar. Throughout these study sessions 
both groups engaged in many of the same macrotasks that will be described in detail in 
Part II of this chapter: doing problems, getting situated, assignment (HW) planning, 
session planning, checking the group’s progress, discussing the homework write-up, 
planning future study sessions, off-topic discourse, and filling out journal entries for this 
study. There were two notable exceptions that I also discuss in detail later in this 
chapter.
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Finally, both groups spent the majority of their respective small group study sessions 
engaged in the macrotask of doing problems, usually with one or two individuals acting 
as some type of authority, by guiding peers through problems or by providing 
confirmation of the validity of an idea or answer, for the duration of the session. 
Depending on how students were engaging in these instances of guided participation, 
any of the four types of group dynamics identified by Pazos, Micari, and Light (2010) 
could appear.
5.1.2.2. The Large Group Session
The large group study session was attended by all the members of Core Group A, 
Josh, Abigail, Amy, and Zoey, as well as two members from Group B, Hugh and Conrad. 
Three other students from the course, S00, S09, and S21, also attended this study 
session. As seen in Table 5.1, Session C took place the night before the assignment 
was due.
In a discussion between Josh and Abigail in Session A1, Abigail referred to this type 
of session as when “you guys all meet up and go over the homework and stuff?” Her 
implication, as it was confirmed with Josh and Amy through interviews, is that Session C 
was a type of review session, where students compared final answers and solution 
strategies for the homework problems prior to turning the assignment in. That is, the 
group began with Problem #1 and verified that everyone agreed on a final answer before 
moving on to the next problem. The session proceeded linearly through the problems, 
with no backtracking or jumping between problems, until the group had agreed on an 
answer for every problem.
If there were disagreements between the students’ final answers, the solution 
strategies were reviewed until either a miscalculation was discovered or the students 
agreed on a correct strategy. The very procedural means the students used to verify that
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everyone had a valid strategy to the problems were also present in the large group study 
sessions that assembled to review the night before an exam. The set of macrotasks the 
students engaged in during this session, getting situated, checking the group’s progress, 
session planning, doing problems, off-topic discourse, recognizing off-topic talk, and 
filling out journal entries for this study, were also representative of the macrotasks that 
occurred during other observed large group study sessions.
Unlike in the small groups, all the students present generally took turns leading the 
group through the problems and addressing any questions their peers had about the 
solution strategy they presented. Thus, these sessions typically featured group dynamics 
that looked like Pazos, Micari, and Light’s (2010) simple instruction or elaborated 
instruction, with different students playing the role of facilitator for each problem. Since 
no one in attendance at the large group session was just starting the assignment, 
everyone was able to contribute to the conversation in some way. There were even 
periods where two students would be up at the white board at the same time, fielding 
questions from peers while presenting two different, but acceptable procedures for 
deriving the final answer to the problem.
5.1.2.3. Summary of Observed Sessions
It soon became clear that whether it was a large group of students or a small group 
of students working together, whether it was to just start the assignment or review the 
solution strategies of various problems, the primary macrotask the students engaged in 
was doing problems. Besides that activity, the observed small group sessions, even 
when compared across different groups, participated in many of the same macrotasks 
several of which weren’t present during large group sessions such as future session 
planning or assignment (hw) planning. Thus both the size and purpose of the study
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session had an impact on which macrotasks and microtasks occurred over the course of 
the session.
5.2. Part II: Macrotasks and Microtasks
The grounded theory inspired data analysis discussed in Chapter III provided a 
means for describing what happens in a study session at several levels. At the largest 
grain size, a study session is comprised of series of macrotasks, or general activities 
that the students engage in the most prominent of which is doing problems. Within these 
macrotasks students enact different normative behaviors, both of the social and 
sociomathematical variety, in addition to participating in microtasks, or repeated patterns 
in interactions. I start this part of the chapter by providing a description of each of the 
observed macrotasks as well as identifying which norms are most often associated with 
it. I then share a breakdown of how much time Group A and Group B spent on each 
macrotask in order to make a case for where the richest data on microtasks occurred. I 
finish this chapter with a discussion of some of the most commonly observed microtasks.
5.2.1. The Macrotasks
The macrotasks provide a large picture view of the events that transpire during a 
session. It is within these macrotasks that the social and sociomathematical norms 
constructed by the study groups emerge. As discussed in Part I of this chapter, the 
majority of each session is dedicated to the macrotask of doing problems. Other 
macrotasks that arose throughout the sessions included: getting situated, assignment 
(HW) planning, session planning, checking the group’s progress, planning to ask the 
professor a question, reporting the professor’s response, discussing the homework 
write-up, planning future study sessions, off-topic discourse, recognizing off-topic talk, 
and filling out journal entries for this study. While several of these are self-explanatory,
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such as filling out journal entries, discussing the homework write-up, planning future 
study sessions, and off-topic discourse, the others merit more in depth explanations.
5.2.1.1. Doing Problems
The macrotask of doing problems was pervasive throughout the observed study 
sessions, both those that were analyzed in depth for this project and those that occurred 
over the duration of the semester. Trying to include an example of every possible way in 
which this macrotask is enacted would not be possible. I provide examples of some of 
the typical interactions later in this chapter where I address some of the most commonly 
occurring microtasks that are associated with this specific macrotask. The macrotask of 
doing problems encompassed many of the activities associated with the episodes 
identified in Schoenfeld’s (1985) problem solving framework presented in Chapter II: 
reading, analyzing, exploring, planning-implementing, and verifying. Thus this macrotask 
was where the most sociomathematical norms were observed as students demonstrated 
their understandings of mathematical difference, mathematical sophistication, and 
acceptable mathematical explanation and justification (Yackel & Cobb, 1996).
5.2.1.2. Getting Situated
The macrotask getting situated covers predominantly physical rearrangements and 
material resource procurement. For instance, it is used for the casual greetings issued 
when a new member arrives and the verbal directives issued as the group rearranges to 
make space for the newcomer. One such case was when Amy, typically a participant in 
Core Group A’s study sessions, arrived at Session B1 to work with Group B on the 
assignment. The members that were already in attendance remarked:
Ben: Dude, pull that sucker over here [referring to chair]
Phil: Word!
Hugh: Hey Conrad, skootch over.
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Material resource procurement refers to the requests for pencils, paper, or an 
individual’s monologue as he or she tries to locate their notebook in their book bag. 
Examples of this from Session A1 are when Zoey remarks, “Where’s my pencil?” and 
when Josh asks for printer paper and the following interaction takes place:
Abigail: If you need lined notebook paper I can give you that.
Josh: No, that’s just-1 usually do homework on computer paper.
In both of these short episodes, it is clear that none of the interactions are 
mathematically specific. Thus normative behaviors that arise during this macrotask such 
as physically rearranging the seating so that everyone can be included and the sharing 
of supplies amongst group members are social norms that the students enact.
5.2.1.3. Planning to Ask the Professor & Reporting the Professor’s Response 
The macrotasks of planning to talk to the professor and reporting the professor’s 
response only occur when the study session is held concurrent with the professor or 
teaching assistant’s office hours. During these verbal exchanges the members of the 
group determine which problems they want to ask about, negotiate what questions to 
ask, and pick the individual who will go see the professor to ask those questions. This 
exchange is typically followed up with the return of chosen individual who then shares 
the information gleaned from visiting the professor. The only times the macrotask of 
reporting the professor’s response was not enacted following the macrotask of planning 
to ask the professor was when the student was unable to ask the professor the group’s 
question.
The only evidence of this macrotask arose during Group A’s sessions, A1 and A2, 
since Group B typically met later in the evening rather than during the professor or 
teaching assistant’s office hours. In one instance, in Session A1 prior to Josh’s arrival, 
Abigail and Zoey read through the first problem together and Abigail remarked “skip 1 -
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I'm going to skip number 1 for now, I'm going to go to ask him about it. I don't know how 
to do it.” After deciding they also did not know how to approach Problems #2 and #3, 
Abigail left the space to ask the professor their questions. Neither Abigail nor Zoey was 
certain of what the question was asking, so rather than negotiating which questions to 
ask they only determined which problems they wanted to ask about and picked which 
individual, Abigail, would go see the professor to ask.
Decisions to go ask the professor a question weren’t always so short and 
perfunctory. Later on in the session, Abigail and Zoey encountered trouble with their 
solution strategy for Problem #5. During this interaction they refined the questions they 
wanted answered by the professor before sending Zoey off as the group’s 
representative.
Abigail: Do you want to go ask the professor a question? Do you want to ask him if,
we took two of them to be the urn- to- to find the- to find the, n values?
Zoey. And then-
Abigail: Ask him if we use the third to plug it into the equation, for the xo, yo, Zo-
Zoey Okay.
Abigail: Does that make sense?
Zoey. Yup.
Abigail: Because that's what my theory is.
Zoey I was about to say that's my, I mean, we can use-
Abigail: Just to verify it, he's urn, he's not in his office, he's in the lounge near his
office.
Zoey Okay.
Within this interaction we see the enactment of both social norms, such as determining 
which student will go see the professor, and sociomathematical norms, such as 
negotiating the question that they will ask the professor; specifically determining the
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mathematical language to phrase the question in. This latter norm is seen when Abigail 
offered two different, but related, ways of asking their question in order to get the 
feedback they needed to proceed. Both versions of the question were focused on 
determining the correct procedure to get to the final answer of the problem.
Upon Zoey’s return from consulting with the professor, the following exchange took 
place:
Zoey. We did it wrong wrong wrong.
Abigail: How do we do it right?
Zoey. Okay, what he said was...
[...Brief Moment of Session Planning...]
Zoey. [Goes to whiteboard] He said that we have 3 points. That’s not- that are not 
the points on the plane. Here’s the plane and here’s all the points. So if- if we did 
what we did? Then we find the vector to the point, which is not on the plane. So, if we 
want to find the point ah- yeah the point on the plane, take this difference of 3. So 
take the first label on this one, and put p and q. So then p minus r and r minus q, and 
then what you can- we can do the what we did. From that we can do what we did.
Abigail: Wait a minute, lemme write this down. So...
That Abigail’s immediate reaction to Zoey’s announcement was to ask for the correct
procedure, rather than asking what was wrong with their proposed procedure, strongly
suggests that while doing problems the priority of the group was on reaching a correct
answer rather than developing a full understanding of the problem. This focus on
reaching the correct answer, rather than understanding what the problem is asking for,
was not uncommon in Schoenfeld’s (1985) findings.
In Zoey’s response to Abigail she explained both why their proposed procedure was
wrong as well as what the correct procedure was, despite Abigail not asking why the
proposed procedure was incorrect. From this interaction alone it is unclear whether she
did this to share her full understanding of the response or whether she did this because
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the group has instantiated a social norm where it is expected that the person that spoke 
with the professor will report back everything that he or she was told. There were other 
observed instances of students reporting the professor’s response where the group’s 
representative was treated as a surrogate professor. That is, the rest of the group would 
ask for further mathematical clarifications or elaborations within the explanation and the 
representative would respond in full. Thus, both of these macrotasks, planning to ask the 
professor a question and reporting the professor’s response, have a variety of social and 
sociomathematical norms that may be enacted within them.
Over the course of the two small group study sessions, Abigail, Josh, and Zoey all 
took turns leaving the space to ask questions of the professor. There did not appear to 
be a specific pattern in which individual went to see the pattern. On some occasions one 
of them would either volunteer to go or simply state that he or she was going. On other 
occasions, as in the case discussed above, one of the participants would be asked to go 
talk to the professor. The only times these visits did not result in a report on the 
professor’s answers were the occasions when the professor’s office hours had already 
ended and the ambassador had to report that their questions would remain unanswered.
5.2.1.4. Session Planning & Assignment (HW) Planning 
Session planning and assignment (HW) planning are closely related, but very 
distinct, macrotasks. While both macrotasks address how the students planned to 
complete some portion of the assignment, the difference between the two lay in their 
focus: session planning was localized whereas assignment planning was more global.
Session planning focuses on the students’ plans regarding working on the 
assignment during the study session they were currently attending. Thus it takes into 
account students discussing the amount of time left to complete the assignment before 
one or more members of the group must leave the session. It also addresses students
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specifically negotiating which problems they wanted to try to complete before the end of 
the session. For instance, relatively early in Session A2, Abigail and Josh negotiated 
their goals for the session:
Abigail: So number 1. Are we starting from the beginning again? Okay. We're going
to write neatly on a piece of paper? Is that what we're doing?
Josh: Well, that's what I'm doing. You don't have to do it.
Abigail: Well no, I'd rather-
Josh: Actually, I dont have limitless time, but I actually have a fair amount of time
today. Let's see-
Abigail: Look, I have-
Josh: We'll see how far we can get.
Abigail: Til 6. Okay?
Josh: Same.
Assignment planning on the other hand, addresses how much time is left to complete 
the assignment with respect to the due date. Thus it encompasses the group’s 
acknowledgement of when the assignment is due and how much longer they have to 
determine the correct solution strategy or final answer before the assignment must be 
turned in. It also includes group discussions regarding the office hours. This is because 
discussions about office hours are typically closely related to the students determining 
when and if they will be able to visit the professor or teaching assistant to get assistance 
prior to the homework’s due date. This is especially clear from this interaction that 
occurred about an hour into Session B1:
Conrad: Guys, we're still on the first problem.
Ben: I know, we suck.
0
Amy. M-hm.
Conrad: Ugh. What's wrong with this?
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Ben: Does [Professor] have office hours tomorrow? Wednesday?
Conrad1. Thursday.
Phil: He has them on Thursday.
Amy. He has office hours Thursday.
After Conrad’s assessment of the group’s progress, the implication in Ben’s question 
about the professor’s office hours is clear. By identifying when the office hours were, the 
group could decide whether there was enough time left before the homework’s due date 
in order to get help on the problem that had them stuck. This particular interaction is not 
categorized as planning to ask the professor because they are asking for information in a 
global sense and there is no mention of whether anyone will actually go ask the 
professor about this problem.
Both session planning and assignment planning are filled with enactments of only 
social norms such as negotiating how to spend the remainder of the session’s time. The 
social norms enacted in these macrotasks are not content specific and could appear in 
groups that are studying for non-mathematics courses.
5.2.1.5. Checking the Group’s Progress
Checking the group’s progress is closely related to getting situated as it often occurs 
directly after greetings have been issued to a new arrival. In this macrotask members of 
the group identify the progress each member has made toward completing a homework 
assignment or working through a practice exam. Once the group knows each member’s 
status on the assignment, negotiations regarding who needs help on which problem or 
who is able to help others finish a problem are worked out.
One example of this macrotask occurred when Ben arrived in the designated study 
space to join Hugh and Conrad at Session B1:
Ben: What’s going on?
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Hugh: Ah, homework.
Ben: Oh, I didn’t realize- what’re you on?
Hugh: I’m on 1.
Ben: Oh good.
Hugh: At the very beginning.
Ben: I feel like they’re all- did you look at them? Alright, cause I feel like they’re all 
like, relatively simp- they’re obviously 1 pointers, but I feel like they are relatively 
simple. I just don’t quite get the-
Hugh: Well why don’t you just shove it in our faces?
Ben: -concepts. Hm?
Hugh: I said way to shove it in our faces.
Ben: No I haven’t fini-1 haven’t done any of them. I have looked at 3 of them now, 
so...[trails off, he’s talking into his bag]
This form of checking the group’s progress repeated itself every time a participant
arrives at the session in progress. This makes sense as it allows the newcomer to find
out what problems may already have been answered and which problems have yet to be
worked on. That way he knows whether the rest of the group has answers to any of the
questions he may be experiencing difficulties with or whether there is a problem that he
may be able to help the group answer.
Checking the group’s progress is not restricted to the arrival of additional
participants. It can also occur after students have been working on different problems
from the assignment. This can occur for many reasons: the amount of time they are able
to spend together is running short so they decide to divide and conquer, a student
arrives in the middle of the other students’ problem solving efforts and decides to start a
different problem instead of interrupting, and many more. In any of these cases, once
one subset of students has finished solving a problem they may want to find out whether
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the other students have finished working on the other problem yet in order to determine 
whether they can get feedback on their solution strategy or to find out more about the 
solution to the other problem. Both of these types of timings were exhibited during 
Session A2.
An example of this occurred when Josh finished his write up of Problem #6. Once it 
was established that he was set with Problem #6, Abigail, Zoey, and Josh compared 
notes on which problems they have finished and which problems they still need help on:
Abigail: So for 4 I just need to go check- I'm- I'm gonna- I'll go back later? I just need
to check my math cause-
Josh: Yeah.
Abigail: I think I made an error somewhere in there. Urn, 7's done and 10 is done.
Zoey. 7's done?





Josh: Yeah, what? What can I help you with?
Abigail: I don't understand 9.
Josh: 9?
Abigail: Yeah.
Josh: Oh, I actually did this. Okay.
While there was a brief moment of session planning when Josh identified what he was 
hoping to accomplish in the remaining time, the rest of this interaction is classified as 
checking the group’s progress since the majority of this exchange focuses on which 
problems the group has solutions for and who has those solutions.
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Like the macrotask of getting situated, students enacted only social norms during this 
macrotask. Conversations similar to this could take place in study groups for science 
courses and engineering courses as well as history courses or education courses as 
there is nothing inherently mathematical about this negotiation process. The comparison 
between group members of overall progress on an assignment is itself a norm that the 
students have developed within their communities of practice.
5.2.1.6. Recognizing Off-Topic Talk
In any group situation it is natural for the discourse and interactions to stray from the 
task at hand. Both Rogoff’s (2003) guided participation and Lave and Wenger’s (1991) 
communities of social practice acknowledge that there is a social element involved when 
individuals work together toward a common cause. As group study sessions afford an 
opportunity for socializing in addition to getting work done, the potential for digression is 
just as high. Despite the amount of time both groups spent on off-topic discourse, 
Session B1 was the only one of the observed small group homework sessions that 
involved the macrotask recognizing off-topic discourse.
This macrotask manifests when an individual speaks up and attempts to draw the 
group’s attention to the task it got distracted from. As there is nothing inherently specific 
to mathematics in these types of interactions, calling the group’s attention to the fact that 
its discourse is off-topic is more of a social norm for the group. These attempts are not 
guaranteed to successfully get the group back on task, but they are never met with 
disagreement. That is, whenever an individual brings up the group should get back to 
work it is always met with agreement from the other participants if not the actual 
redirection of the group’s attention to problem-solving. A fairly representative sample of 
the macrotask is as follows:




Ben: Yeah, sorry about that.
Phil: A lot of focus, we're so bad at this game.
On many occasions it was Phil that prompted this macrotask for the group, just as he 
had suggested during his interview. However throughout Session B1, it was most 
frequently Conrad that brought the group’s attention to the fact that the discussion was 
off-topic.
5.2.1.7. Distribution of Macrotasks Across the Observed Sessions
Identification of these macrotasks enabled the breakdowns of how the members of 
Group A spent their time together during Sessions A1 and A2. Table 5.3 shows the 
percentage of the study session that was spent on each macrotask and over the course 
of both sessions. Figure 5.1 provides the corresponding visualization of how the time 
was spent.
From both Figure 5.1 and Table 5.3 it is clear that the most of Group A’s sessions 
was spent doing problems. Although the next largest amount of time is spent on off-topic 
discourse, in the case of Group A that discourse seems to act mostly as silence filler. 
That is, while their conversation appears to be off topic, Josh, Abigail, and Zoey are still 
hunched over their respective papers writing up their solutions or actively calculating an 
answer. This may also account for the lack of instances of the macrotask recognizing 
off-topic talk throughout Sessions A1 and A2. As the off-topic discourse was not actively 
interfering with the group’s progress, no one in Group A felt responsible for drawing the 
group’s attention to the digression or attempting to redirect the group’s focus back to 
work.
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Duration of Task over Session: Minutes (%)
Macrotask Session A1 Session A2 Both Sessions
Problem #1 3.583 (3.56%) 2.067 (1.59%) 5.650 (2.45%)
Problem #2 3.817 (3.80%) 1.600 (1.23%) 5.417 (2.35%)
Problem #3 0.883 (0.88%) 16.083 (12.38%) 16.966 (7.36%)
Problem #4 12.833 (12.77%) 35.983 (27.69%) 48.816 (21.18%)
Problem #5 10.983 (10.93%) 5.517 (4.25%) 16.500 (7.16%)
Problem #6 0.483 (0.48%) 7.633 (5.87%) 8.116 (3.52%)
Problem #7 0.300 (0.30%) 2.200 (1.69%) 2.500 (1.08%)
Problem #8 0.000 (0.00%) 1.183(0.91%) 1.183 (0.51%)
Problem #9 0.000 (0.00%) 1.950(1.50%) 1.950 (0.85%)
Problem #10 0.000 (0.00%) 5.433 (4.18%) 5.433 (2.36%)
Problem #11 14.633 (14.56%) 0.000 (0.00%) 14.633 (6.35%)
Getting Situated 5.550 (5.52%) 0.517 (0.40%) 6.067 (2.63%)
Group Progress Check 1.800(1.79%) 3.917(3.01%) 5.717 (2.48%)
HW Planning 1.733 (1.72%) 2.183(1.68%) 3.916 (1.70%)
Session Planning 3.300 (3.28%) 1.283 (0.99%) 4.583 (1.99%)
Planning to ask Prof. 0.817 (0.81%) 0.867 (0.67%) 1.684 (0.73%)
Reporting Prof. 
Response 1.683 (1.67%) 0.300 (0.23%) 1.983 (0.86%)
Homework Write-Up 0.000 (0.00%) 1.617(1.24%) 1.617 (0.70%)
Journal Entries 0.000 (0.00%) 3.017 (2.32%) 3.017(1.31%)
Future Study Sessions 1.500 (1.49%) 0.283 (0.22%) 1.783 (0.77%)
Off-Topic 36.617 (36.43%) 36.300 (27.94%) 72.917(31.64%)
Table 5.3. List of the different macrotasks that were observed with the total time (in 
minutes) and the overall percentage of the session that was spent on each task over the 
course of the study sessions A1 & A2 as well as the total for both sessions.
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Figure 5.1. Visual representation of how much time Core Group A spent on the 
macrotasks across the course of Sessions A1 and A2.
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Duration of Task over Session: Minutes (%)
Macrotask Session B1 Session B2 Both Sessions
Getting Situated 4.083 (3.25%) 1.383(1.36%) 5.466 (2.36%)
Group Progress Check 2.183 (1.74%) 0.333 (0.33%) 2.516 (1.09%)
HW Planning 0.317 (0.25%) 6.567 (6.46%) 6.884 (2.97%)
Journal Entries 6.283 (5.01%) 5.217(5.13%) 11.500 (4.97%)
Off-Topic 26.717 (21.29%) 15.233 (14.98%) 41.950 (18.12%)
Problem #1 46.300 (36.89%) 0.000 (0.00%) 46.300 (20.00%)
Problem #2 10.017 (7.98%) 0.000 (0.00%) 10.017 (4.33%)
Problem #3 11.267 (8.98%) 0.000 (0.00%) 11.267 (4.87%)
Problem #4 13.883(11.06%) 0.000 (0.00%) 13.883 (6.00%)
Problem #5 7.583 (6.04%) 0.050 (0.05%) 7.633 (3.30%)
Problem #6 0.000 (0.00%) 24.767 (24.36%) 24.767 (10.70%)
Problem #7 0.000 (0.00%) 3.583 (3.52%) 3.583 (1.55%)
Problem #8 0.000 (0.00%) 27.083 (26.64%) 27.083 (11.70%)
Problem #9 0.000 (0.00%) 0.467 (0.46%) 0.467 (0.20%)
Problem #10 0.000 (0.00%) 11.567(11.38%) 11.567 (5.00%)
Problem #11 0.000 (0.00%) 4.733 (4.66%) 4.733 (2.04%)
Recognizing Off-Topic 
Talk 0.550 (0.44%) 0.000 (0.00%) 0.550 (0.24%)
Session Planning 0.683 (0.54%) 0.683 (0.67%) 1.366(0.59%)
Table 5.4. List of the different macrotasks that were observed with the total time (in 
minutes) and the overall percentage of the session that was spent on each task over the 
course of the study sessions B1 & B2 as well as the total for both sessions.
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Duration of Macrotasks for Sessions B1 & B2
Getting 









Problem #9 Problem #5
Problem #7
Figure 5.2. Visual representation of how much time Core Group B spent on the 
macrotasks across the course of Sessions B1 and B2.
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Comparing the breakdown of Group A’s activities with the macrotask breakdown of 
Group B’s study sessions provided in Table 5.4 and Figure 5.2, show two major 
differences between the two groups’ study habits. First, as previously acknowledged, 
Group B has no instances of planning to talk to the professor or reporting the professor’s 
response. This is because unlike Group A, Group B typically did not meet until later in 
the evening, well after the professor and the teaching assistant’s office hours have 
ended.
Next, it is clear that out of the observed homework sessions, only Session B1 
featured instances of the macrotask of recognizing off-topic talk. Unlike in Group A, the 
majority of the time when individuals in Group B were engaged in off-topic discourse, 
those individuals actively set down pencils or stopped physically recording thoughts on 
paper. During his interview, Phil explained that his own proclivity for getting distracted 
inspires him to try to be aware of when the group spends too much time off topic in order 
to keep the group on track. Thus this tendency for participants to more actively engage 
in off-topic discourse, rather than letting it simply act as silence filler, may explain why 
individuals in the group felt a need to stay aware of their conversations and attempt to 
steer the group back on track when they felt too much time had been spent off-topic.
Identifying the macrotask of off-topic discourse in Session B1 proved challenging in 
some instances. There were many episodes wherein 2 or 3 members of Group B would 
be actively involved in an off-topic conversation while the remaining members of the 
group were actively discussing a problem. As both macrotasks are important to 
describing the group’s activities, to capture them both the time spent on such dualities 




The macrotasks provide a nice overview of the actual activities that students engage 
in while “studying" together in groups. Additionally, they can be broken down into 
macrotasks that could occur in any type of student study group, as only social norms are 
enacted within them, or macrotasks that are specific to student mathematics study 
groups, as there are opportunities for students to enact sociomathematical norms. 
Furthermore, possible student roles have already begun to emerge in relation to the 
macrotasks of recognizing off-topic talk and deciding to ask the professor a question and 
reporting the professor’s response.
The most widely enacted macrotask across all the study sessions was that of doing 
problems. From the analysis above it is clear that the amount of time Group B spent 
doing problems was comparable to the.efforts of Group A. Interestingly, while Group A 
spent the most time on Problem #4, Group B spent the most time on Problem #1. To 
explain how one group could struggle so much with one problem while the other group 
spent comparably less time requires looking within the macrotasks at the additional 
results of my video and transcript analysis; the microtasks.
5.2.2. The Microtasks
As described in Chapter II, microtasks were identified in the third phase of my video 
and transcript analysis. Microtasks are the recurring patterns that arose within the 
student interactions after coding student utterances using the scheme presented in 
Table 3.2 in Chapter III. As such, microtasks provide a means for more closely observing 
how students work their way through assigned problems together. In particular, the 
microtasks observed while students were doing problems typically fell into one of two 
categories: with a leader and without a leader.
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5.2.2.1. Microtasks With Leaders
When there exist one or more members in the group that feel confident in their 
knowledge of the course content or their solution strategy for a particular problem, that 
individual often acts as a sort of leader for the rest of the group. The individual that takes 
on a leadership role was not always consistent throughout the entire session, but was 
usually stable throughout the duration of the discussion revolving around a particular 
problem that the leader was confident about. The leader’s measure of confidence was 
often tied to having previous knowledge of the correct procedure or final answer prior to 
doing the problems with their peers. This was evidenced during the interviews when both 
Josh and Hugh mentioned that they felt their contributions to their groups were primarily 
in the form of being able offer guidance to their peers, as they often had knowledge of 
the correct solution strategy or final answer prior to meeting with their study groups.
The knowledge of whether a particular procedure or answer was correct was 
typically based on verification through a source of authority. During the observed study 
sessions, Hugh often verified his final calculated answer with computer software such as 
Wolfram Alpha. In Josh’s case, his source of authority was typically the professor. As he 
typically started the assignments early he made ample use of the professor’s office 
hours to ensure that he had the right ideas in place for solving the problems, getting 
confirmation on the correctness of his final answer when he could. This utilization of the 
professor as the determiner of whether an answer or strategy is mathematically correct 
is in line with the findings of Webel (2010) and Lamped (1986). Thus Josh and Hugh 
only view themselves as exped peers and willing to share their results after they believe 
their work is correct based on having received some amount of authority verification on 
their thought processes.
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For instance, during Session A2 when Abigail started to work on Problem #4, she 
asked Josh if he had written up his solution to it to which he responded, “Oh, I didn’t do 
it. Well, I know how to do it, but I didn’t do it.” He followed this up with the justification 
that “Well, I did talk to [the professor] so I know- [...] I did talk to him about it though.” 
Thus, even though Josh hadn’t worked the problem through to completion, he exuded 
confidence in his knowledge of how to proceed based primarily on the input her received 
from the professor.
The presence of a leader type role within the group dynamic leads to patterns of 
interaction that are reminiscent of the categories of group learning interactions identified 
by Pazos, Micari, and Light (2010) presented in Chapter II. In particular, the presence of 
a student acting as a surrogate lecturer leads to episodes of simple instruction and 
elaborated instruction whereas a student acting as facilitator leads to episodes of 
supported discussion and guided discussion.
5.2.2.1.1. Microtasks Involving a Surrogate Lecturer
In the context of this study, I use the term surrogate lecturer precisely for the image it 
evokes, that of an individual acting as a substitute for a teacher whose primary means of 
transferring knowledge of skill is through lecture. The surrogate lecturer is observed 
interacting with the group at a very procedural level of knowledge. The episodes 
involving a surrogate lecturer may seem unbalanced between the individuals involved, 
with the surrogate lecturer doing most of the talking and explaining. Microtasks that 
involved a surrogate lecturer typically took the form of episodes of simple instruction and 
elaborated instruction.
5.2.2.1.1.1. Simple Instruction.
Pazos, Micari, & Light (2010) identify simple instruction as instances where the peer 
leader essentially lectures to his or her peers. Several examples of this type of episode
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arose over the course of the two observed homework sessions for Group A. In Session 
A2 one such episode occurred after Zoey asked Josh to teach her “the short way” for 
solving Problem #4. Their exchange is given in Table 5.5.
Josh starts by ensuring he and Zoey have interpreted the problem in the same way 
and that they are working toward the same objective of finding the distance between a 
point and a plane. Once Zoey has confirmed that, Josh talks her through the procedure
of determining the distance by issuing a series of directive utterances in lines 1, 3, and 7.
# Microtask Speaker Dialogue
1 DirectiveUtterance Josh
So if we've got some, random line coming down 
like this? Urn, and we've got a point that we're 
trying to find? That distance.







Here's what we do. We randomly pick a point along 
the line. So we just plug in some value- see how 
it's like t. This, equation for the line, so some value 
of t? So we just plug in a random t value, and get 
this. And let's call this q? And this is point p. So 
this vector right here? Is p minus q. Does that 
make sense?
4 GeneralConfirmation Zoey Yes.
5 DirectiveUtterance Josh So then what we do is, we- this right here? Is m.
6 GeneralConfirmation Zoey M-hm.
7 DirectiveUtterance Josh
And then we take the dot product, so we're trying 
to find this thing right here.
Table 5.5. An Example of Simple Instruction
Josh does ask Zoey to confirm her understanding of both what he is suggesting and 
the strategy overall in line 3. Zoey on the other hand contributes only general 
confirmations in order to prompt Josh to continue his explanation in lines 2 and 6 but
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also to confirm her understanding in line 4. As Pazos, Micari, and Light observe, this 
interaction resembles “a traditional university lecture," which is a type of interaction that 
both Josh and Zoey had experience with prior to this course (2010, p. 194). Thus this 
type of interaction is the enactment of a sociomathematical norm that was most likely 
learned within the classroom. In fact, in all observed instances of a surrogate lecturer the 
focus was procedural correctness, whether it was during the small group sessions or the 
large group session C.
5.2.2.1.1.2. Elaborated Instruction.
Similar to simple instruction, according to Pazos, Micari, and Light (2010) one of the 
distinguishing features of elaborated instruction is that although the interactions are still 
occurring primarily between the peer leader and the student, or students, the peer leader 
also offers explanations for the steps that are taken or of the conceptual ideas 
underpinning a solution strategy. This can be seen farther along in Zoey and Josh’s 
negotiation of the solution strategy of Problem #4 in Session A2 when Zoey prompts 
Josh to further explain one of the steps he presented in line 3.
# Microtask Speaker Dialogue
1 Other-monitoring Josh Does that make sense?
2 General Confirmation Zoey Yes.
3 Transactive Question Zoey But how- urn, the thing I don't get, where did you get the equation up top?
4 Facilitative Utterance Josh How did- oh, how did I get that?
5 General Confirmation Zoey Uh-huh.
6 Didactive Utterance Josh That's the projection.
7 General Utterance Zoey Oh.
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8 General Confirmation Josh And- okay.






Yeah, here's- the thing- the reason why- so 
this is just the dot product of this with this? 
But the reason why I divided by that? Is 
because you don't want the magnitude of 
this to affect the calculation? To scale it up 
or down? You just want this, urn, how it- the 
shadow on this line. Right? Does- So in 
other words, if- if I had something like this? 
Like a line that was this long?
11 General Confirmation Zoey M-hm.
12 Self-disclosure Josh And I'm trying to find the projection on here?
13 General Confirmation Zoey Right.
14 Didactive Utterance Josh
Then, it wouldn't make sense to take the dot 
product, because then we'd get something 
like [draws on board] that.
15 Other-monitoring Josh And that's not this, right?
16 General Confirmation Zoey Uh-huh. Right, right. Uh-huh.
17 Transactive Response Josh
So we have to make sure it's the right- that 
it doesn't scale our number up. [returns to 
seat] I think.
Table 5.6. An Example of Elaborated Instruction.
After re-voicing Zoey’s question with a facilitative utterance in line 4 to ensure that he 
addresses the correct question, Josh offers a concise answer to the question in line 6. 
When Zoey’s response in line 7 is not one of general confirmation, Josh gives her a new 
answer in which he explains how the pieces of the procedure work together in line 10. 
This establish that he is giving an explanation of the procedure Josh uses phrases such 
as “the reason why” and “is because.”
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The utterances that distinguish the set of interactions in Table 5.6 from those seen in 
the example of simple instruction are the increase in other-monitoring, transactive 
questions, and transactive responses. There is also a decrease in directive utterances. 
Zoey has asked Josh to provide further insight into his strategy and it is clear through his 
utterances that his aim is to explain. The existence of the verbal cue in line 10, where 
Josh specifies that he’s sharing “the reason why” they’re performing a certain 
calculation, further emphasizes that this interaction is about explaining the strategy 
rather than just talking through the procedure.
5.2.2.1.2. Microtasks Involving a Facilitator
In these microtasks the leadership role assumed by the students most closely 
resembles that of the facilitator described by Pazos, Micari, and Light in that the student 
leader in these microtasks maintains “a guiding, rather than a teaching, role” (2010, p. 
192). Thus the facilitator in these microtasks is also clearly distinguishable from the 
surrogate lecturer who was primarily responsible for a teaching role within the group.
The main difference between the facilitator role in these microtasks and the facilitator 
role in the Pazos, Micari, and Light study is that none of the students in this study have 
already passed this course.
5.2.2.1.2.1. Supported Discussion.
Pazos, Micari, and Light suggest that supported discussion is characterized by 
students working “collaboratively, and they themselves do most of the explaining and 
discussing, with the facilitator usually offering input only when specifically asked for it” 
(2010, p. 194). Thus episodes of supported discussion prominently feature the 
microtasks of feedback request, proposal of strategy, and self-disclosure as the students 
share their problem solution strategies. The facilitator will be responsible for responding 
to the feedback requests issued by the students.
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# Microtask Speaker Dialogue
1 Feedback Request, Proposal of Strategy Abigail







You're on number 5? Wow, you stink. I can't 
believe you did that. Okay, I'm glad I didn't 
bet. Urn, yeah, so you take-
3 Self-disclosure Abigail I did p minus r-
4 General Confirmation Josh Yeah, yeah, yeah, yeah, yeah.-
5 Self-disclosure Abigail r minus q, p minus q.
6 Directive Utterance Josh You don't need to do all of them, but yeah.
7 TransactiveResponse Abigail
Well, no you do two of them and use the 
third one in your equation.
8 General Confirmation Josh Oh yeah, yeah, yeah, yeah. Urn...
9 Didactive Utterance Abigail That's what he said we could do, I'm pretty sure.
10 Proposal of strategy Josh
All I- you only need two vectors, take their 
cross product to find the normal vector and 
use one point to define, like the-
11 General Confirmation Abigail Okay.
12 Directive Utterance Josh x minus that other x-
13 Self-disclosure Abigail I'm going to do p minus r and then r. minus q, and then we'll go from there.
14 General Confirmation Josh Sure.
15 Self-disclosure Abigail I'm going to find the cross product right now, as we speak, it's very, very, very cool. Not.
Table 5.7. An Example of Supported Discussion.
The example of supported discussion given in Table 5.7 shows an exchange 
between Abigail and Josh. In the example, Abigail has made a decision on how to 
proceed with Problem #5 and seeks Josh’s feedback on her plan as evidenced by her 
feedback request in line 1. The majority of her statements take the form of self-
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disclosure and feedback requests with at least one proposal of strategy, in line 1, as 
expected. Although Abigail is doing most of the explaining and discussing, with self­
disclosures in lines 3, 5,13, and 15 and a transactive response in line 7, it is Josh that is 
the facilitator in this microtask. Josh’s behavior in this passage is significantly different 
than in the simple instruction and elaborated instruction episodes. Rather than delivering 
a lecture through directive utterances, here Josh mostly responds to Abigail’s queries 
with general confirmations such as those in lines 4, 8, and 14. Each of these general 
confirmations is in direct response to a self-disclosure or transactive response given by 
Abigail. Although he makes directive utterances in lines 6 and 12, Abigail’s responses to 
them are far less passive than Zoey’s were. In line 7 she retorts with a transactive 
response defending to make clear that she understands his utterance in the context of 
her problem-solving effort. This results in less of a sense of Josh lecturing and adds 
more of a conversational tone to their exchange.
5.2.2.1.2.2. Guided Discussion.
In contrast to the supported discussion, the facilitator plays a slightly more active role 
during guided discussions. This is demonstrated in the episode presented in Table 5.8. 
Just moments before the passage took place, Abigail had expressed uncertainty 
regarding how to start Problem #9. Josh stood up, utilized the white board and prefaced 
the discussion that followed with line #1: “This’ll give you something to think about.” He 
makes it clear that his intentions from there on out are to provide hints or a loose 
framework to help Abigail and Zoey come to the strategy on their own.
Rather than the transactive questions that were prevalent in Josh’s discourse during 
the simple instruction and elaborated instruction episodes, Josh uses more transactive 
prompts, such as those in lines 1, 7, and 11, as he tries to get Abigail and Zoey to 
connect the dots between the points he makes. Abigail complies, with an occasional
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assist from Zoey in lines 27 and 32, using mostly transactive responses in lines 8,12,
14,16, and 22, and a directive utterances in line 10.
# Microtask Speaker Dialogue
1 TransactivePrompt Josh
This'll give you something to think about. I'm not 
gonna like tell you how to do it? But this is- okay. 
When- what is the minimum distance? If you've 
got a line and you've got a point, say this is 2-D.
2 Proposal of a New Idea Abigail It's a perpendicular-
3 GeneralConfirmation Josh Yeah.
4 Abigail -line
5 FacilitativeUtterance Josh Like that?
6 GeneralConfirmation Abigail M-hm.
7 TransactivePrompt Josh
So say we've got two lines, what do you know 
about, say it goes something like that. They don't 
intersect, it's just perspective. So what will- will it 
be like this? Is that the shortest distance?
8 TransactiveResponse Abigail
No, because it- where the-1 mean- they’re not- 
you said they don't intersect, so the-
9 GeneralConfirmation Josh Yeah.
10 DirectiveUtterance Abigail Pretend there's a line right there.
11 TransactivePrompt Josh
So let's say, what is the behavior of the line that 
connects them?
12 TransactiveResponse Abigail Perpendicular.
13 TransactivePrompt Josh To what?
14 TransactiveResponse Abigail x-axis.
15 TransactivePrompt Josh To the what?
127






Urn, one of the lines. I actually messed this up, so 
I want you to like really understand this. That's 
how I messed it up.
18 Self-disclosure Abigail I don't know.
19 DirectiveUtterance Josh
Okay. So, a line, think of it as an array of vectors, 
if a line's like this, [draws on board]
20 GeneralConfirmation Abigail M-hm.
21 TransactivePrompt Josh
So, that- this is like- so that's- so is it- normal to 
this?
22 TransactiveResponse Abigail First one.
23 TransactivePrompt Josh Urn, normal to it?
24 GeneralConfirmation Abigail M-hm.
25 DidactiveUtterance Josh So normal means like this.
26 GeneralConfirmation Abigail Yeah.
27 DirectiveUtterance Zoey No.
28 TransactiveQuestion Josh So the minimum distance is that?
29 GeneralConfirmation Abigail M-hm.
30 DirectiveUtterance Josh No.
31 GeneralConfirmation Abigail Mmmm.
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32 DirectiveUtterance Zoey No it's not.
33 Other-monitoring Josh Okay, so the minimum distance is this, right?
34 GeneralConfirmation Abigail M-hm.
35 DidactiveUtterance Josh
So that's- so it's orthogonal to the slopes. Both of 
the slopes. You can solve an- an equation for that.
36 TransactiveQuestion Abigail So-
37 Other-monitoring Josh Make sense?
38 TransactiveQuestion Abigail I need to set both of these slopes equal to 0?
39 GeneralConfirmation Josh Yeah.
Table 5.8. An Example of Guided Discussion.
Throughout this episode it is clear that Abigail and Zoey are actively engaged in 
trying to understand the problem and Josh is carefully prompting them and asking for 
their response as necessary to establish his points, all while discussing the problem at 
more of a conceptual, rather than procedural, level. This is all strongly aligned with the 
description Pazos, Micari, and Light give of the guided discussion. They suggest that the 
“facilitator actively guides this type of group by asking questions to help students find the 
right approach, but students are also actively engaged in discussion and problem­
solving” (p. 195, 2010).
In both the episodes with facilitator as well as the episodes with surrogate lecturer, 
there was always at least one peer with some knowledge of the correct answer or 
correct procedure for solving a problem. Because of this, that peer had a strong 
influence in how the rest of the group approached the problem. This peer acted as an
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expert partner, deciding how to scaffold the explanations for the rest of the group. Thus 
these episodes are instances of Barbara Rogoff’s (2003) guided participation with the 
expert peer doing most of the structuring of the participation.
5.2.2.2. Microtasks Without a Leader
In the homework sessions this chapter focuses on, many of the interactions that 
occurred while working on problems featured some type of leader to steer the direction 
of the conversation. However, at least two recurring patterns in interactions arose that 
either didn’t require a leadership role or simply lacked the presence of a leadership role.
I termed these patterns of interactions as answer checks and Alan Schoenfeld’s (1985) 
“wild goose chases.”
S.2.2.2.1. Answer Checks
The first pattern of interactions that did not feature a facilitator is the answer check. It 
typically occurs when a student has just finished solving a problem or shortly after a 
group status check. These episodes are typically short and meant to assess whether 
everyone in the group has arrived at the same final answer for a problem. Examples of 
typical answer check exchanges are given in Tables 5.9 and 5.10 below.
# Microtask Speaker Dialogue
1 Feedback Request Abigail On number 3 did you get that the v times w was parallel?
2 General confirmation Zoey Yes, yes.
3 General Confirmation Josh Yeah.
4 Facilitative Utterance Abigail Really?
5 Directive Utterance Zoey Yeah, definitely.
Table 5.9. Example #1 of an Answer Check.
5.2.2.2.1.1. Quickly Resolved Answer Checks.
Although the examples of answer checks shown in Tables 5.9 and 5.10 have few 
utterances in common, there is a similarity to the flow of the discourse. In Table 5.9
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Abigail prompts the answer check by directly requesting feedback on a response. As she 
has shared her result in the form of a yes or no question, it is reasonable that the rest of 
the group responds with general confirmation.
Because Zoey prompts the answer check in Table 5.10 by simply disclosing her 
answer to the rest of the group without a direct request for the others’ feedback, the 
response is different. Rather than being able to simply respond yes or no, Josh and 
Abigail use self-disclosures of their own. In both cases, the pattern of interaction ends on 
directive utterances confirming the group’s arrival at a mutually agreed upon “correct” 
conclusion.
# Microtask Speaker Dialogue
1 Self-disclosure Zoey I got square root of 1 sixty-
2 Other-monitoring Josh Does that make sense? What-
3 Facilitative Utterance Abigail 161?
4 Self-disclosure Zoey I don't-1 got square root of 1 plus 60, 
the square root of-
5 Self-disclosure Josh
Yeah, I got 1- hold it, can I see? Plus 
60... Yeah, I got 161, square root of 
161.
6 Self-disclosure - Zoey Square root of 161 [said 
simultaneously with Josh], okay.
7 Directive Utterance Abigail Me too! Good job guys! We can do 
math!
Table 5.10. Example #2 of an Answer Check.
In both instances, the group concludes that it has reached the correct answer based 
solely on the fact that all of its members got the same result. It was generally the case 
that students accepted the consensus of the majority as an indicator that they had 
reached the right answer. However, not every answer check was as easily resolved as 
the ones presented in Tables 5.9 and 5.10.
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5.2.2.2.1.2. Not So Quickly Resolved Answer Checks.
As previously mentioned, Group A spent the most time between Sessions A1 and A2 
discussing Problem #4. Despite Josh’s adoption of the role of surrogate lecturer for the 
group earlier while negotiating solution strategies for the problem, presented in Tables 
5.9 and 5.10, the fact that he hadn’t actually finished working through the problem ahead 
of time and gotten an answer confirmed as correct by the professor kept him from being 
able to make a judgment of the accuracy of his peer’s answers. The moment his final 
answer disagreed with Abigail’s answer marked Josh’s transition from surrogate lecturer 
to equal partner. As seen in the series of interactions given in Tables 5.11 through Table 
5.13, Josh uses fewer directive and didactive utterances. The conversations between 
him and the rest of the group showed everyone using many of the same discourse 
codes, thus no one particular person stood out as scaffolding the group’s discussion or 
acting as an expert peer.
# Microtask Speaker Dialogue
1 Other-monitoring Abigail
Our answers are different, but they're similar. You 
got 2 point 1 and I got 2 point 8.
2 Other-monitoring Zoey He rounded early. I mean differently.
3 TransactiveQuestion Josh Really?
4 Self-disclosure Abigail I didn't round at all.
5 TransactiveQuestion Josh What do you mean?
6 Self-disclosure Abigail Here, look at mine-
7 Self-disclosure Josh I didn't round at all either-
8 Self-disclosure Abigail I got that t, right? And then I plugged it back into I of t, to get a-
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9 Other-monitoring Josh Can I see this just a moment?
10 Self-disclosure Abigail To get a coordinate? And then I did the-1 squared all them and took the square root.
11 Other-monitoring Josh Hm. I don't...
12 FeedbackRequest Zoey
Want to check mine? I haven't, calculated the 
final-
13 FacilitativeUtterance Josh You want me to ask [the professor]?
14 GeneralConfirmation Abigail
Sure. You can bring this if you want, [gives Josh 
her papers]
15 DirectiveUtterance Josh
Urn, see I'm pretty sure- hold on, let's see what 




Yeah but- yeah but Josh, as well though? You 
cant just say 2 out of 3 because you guys did it 
the same way and I did it a different way.
17 Transactive





We used different numbers, with the same 
method. Of course...
Table 5.11. Part 1 of what happens when an answer check turns into procedure
verification. The [...] indicates dialogue that was cut to save space.
The exchange in Table 5.11 took place immediately after Josh and Abigail compared 
their numerical answers to Problem #4. Discovering that their answers did not match in 
line 1, Abigail and Josh spent lines 4 through 11 discussing potential missteps in their 
solution strategies. Josh offered to go ask the professor in line 13, but decided to wait for 
Zoey to finish her computations to see if a majority consensus could be reached. Abigail 
pointed out in line 16 her concern that the usual majority rule mentality may not work out 
in her favor, but Josh assured her in lines 17 and 19 that there was enough variation 
between his and Zoey’s work to make the decision fair.
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Once Zoey finished her computations and shared her answer, the situation remained 
unresolved. The exchange in Table 5.12 below shows the next set of interactions. The 
group realized in lines 10 through 12 that they have 3 similar but different answers.
Since rounding was the best answer the group could come up with to explain the 
discrepancy, Josh left to seek out the professor for a ruling between lines 5 and 7.
# Microtask Speaker Dialogue
1 Other-monitoring Josh
You got a different answer than me, this is really 
bad.
2 Self-disclosure Zoey I got 1 point 8...
3 DirectiveUtterance Josh No no no.
4 FeedbackRequest Zoey [unclear] are the same, you get 2 point 1 ?
5 DirectiveUtterance Josh 2 point 10 4. I'm gonna-1- I'm gonna ask him.
6 [...Josh leaves, returns, unable to speak with professor...]
7 Self-disclosure Zoey I think, I got different because I rounded.
8 Other-monitoring Abigail What'd you get? 1 point-
9 Self-disclosure Zoey 1 point 8 1-
10 DirectiveUtterance Abigail See? We all got different answers.
11 DidactiveUtterance Josh Well they're roughly the same.
12 FacilitativeUtterance Zoey Roughly, me too.
13 GeneralConfirmation Josh Okay.
14 Self-disclosure Zoey Cause I round mine, so...
15 FeedbackRequest Abigail




Kay, what did you do? What did you do? Okay, 
what happened to your square root?
17 TransactiveQuestion Abigail What?
18 FacilitativeUtterance Josh What happened to your square root?
19 TransactiveResponse Abigail
Wait, I'll show you, I wrote-1 copied this down 
from the board, it's right here.
20 GeneralConfirmation Josh Oh my gosh.
21 DirectiveUtterance Abigail Look at it.
22 DirectiveUtterance Josh No, this isn't right. I don't think.
23 TransactiveQuestion Abigail What?
24 TransactiveQuestion Josh Why? How did you just get rid of the square root?
25 TransactiveResponse Abigail
I did exactly- lookit, exactly what he did on the 
board. This is copied down. Word for word.
[...Josh confers with his notes...]
26 Self-disclosure Josh Hm, I did get the same one you did.
27 TransactiveQuestion Abigail Me?
28 TransactiveResponse Josh
Yeah, but I'm trying to figure out, it's worthless to 
see it but not know why. Okay.
Table 5.12. Part 2 of what happens when an answer check turns into procedure
verification. The [...] indicates dialogue that was cut to save space.
Josh returned to the study space after being unable to ask the professor his question 
and began comparing procedural strategies with Abigail to look for potential calculation 
errors in line 16. After Josh found what he considered to be a questionable computation, 
in lines 18, 22 and 24, Abigail defended her work on line 25 as being based on an 
example she had copied from the board during lecture. In line 26 Josh consulted his 
notes and found himself agreeing with Abigail.
Dissatisfied that they were still unable to determine the reason for the discrepancy, 
Josh and Abigail re-worked their problem strategies from scratch on the white board, 
hoping to find their error in this second run-through. This was a common strategy in 
groups that reached this phase in answer check resolution.
It is worth noting that the (now former) surrogate lecturer is trying to verify his own 
understanding of the problem, as evidenced by line 28 in Table 5.12, as Josh is now 
focused on his own work. In fact, while working at the board neither Josh nor Abigail is 
looking to share their strategy as “correct” with the group, both are just trying to figure 
out what went wrong in their work. By starting their work all over again from the 
beginning, they hoped to find the miscalculation or misstep in their procedure that could 
not be found by just looking at the work they had already written down. Since both of 
them are similarly confused and unable to locate the source of the discrepancy, neither
can act as either the surrogate lecturer, or facilitator, for the other.
# Microtask Speaker Dialogue
1
Self-disclosure
Josh Okay, I feel like I did this right.
2
Self-disclosure
Abigail I did, the whole thing wrong. I knew it wasn't putting it in [unclear].














Abigail I think- he knows I- he knows I plugged it in wrong, right?















My way is totally legitimate too. Okay, I have to fix 
this, cause I actually did plug it in wrong. Let me 
just check something again? I was gonna solve 
something out, but I decided not to because I 








Josh I think I'm- I'm just gonna move on. Which I should've done a while ago.
14
Self-disclosure
Abigail Urn, I got 2 point 9 now by the way.
15 Transactive
Question
Josh You got 2 point what?
16
Self-disclosure
Abigail 2 point 9.
17
Self-disclosure
Josh I feel like I did it right though. Maybe I'm making a mistake...
Table 5.13. Part 3 of what happens when an answer check turns into procedure 
verification. The [...] indicates dialogue that was cut to save space.
In Table 5.13 above, Josh concluded in lines 1 and 4 that his method was still correct 
while Abigail realized she may have made an incorrectly substitution in line 2. Apparently 
unaware of Abigail’s revelation, Josh decided to try to find the professor again in line 5, 
while Abigail fixed her computation. As shown in line 12 Josh remained unable to locate 
the professor and returned to the study session to find out Abigail had gotten a new, 
different, answer in line 14. Josh finally decided that he would not be able to reach
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consensus with his peers’ answers and proposed that they move on to other problems in 
line 13.
What this episode shows is that many students do not have mathematical ways of 
resolving the answer beyond the strategies of majority rule, checking with the professor 
or a computer algebra system when applicable, and reattempting the calculations. They 
appear to lack better ways to settle disputes or discrepancies that go beyond these 
procedural methods. Group A’s reaction to discovering they all had reached different 
answers was pretty typical and serves to reinforce the findings of Fukawa-Connelly 
(2005) that even students studying advanced mathematical topics continue to primarily 
exhibit procedurals strategies and understandings.
If the majority did not reach the same final number, the first thing that was checked 
was rounding and basic computations. Failing that, the entire procedure was checked for 
errors. If neither of these actions produced the reason for the discrepancy, the students 
looked for an authoritative resource: the professor or a computer algebra system. This 
reliance on the professor “as the final authority on mathematical correctness" (Webel, 
2010, p. 315) is in alignment with the student behavior reported by Webel (2010) and 
Lamport (1986).
5.2.2.2.2. Wild Goose Chases
Answer checks are not the only microtasks in which the lack of a facilitator impacts 
the types of interactions and exchanges that occur. While students are doing problems 
there are often times when no one in the group has a solution method. At that point, 
when the group attempts to solve the problem, one student will suggest an idea and the 
rest of the group will then offer and re-offer strategies for making that idea happen 
without ever stopping to ask if that idea is needed. This is essentially the basis of 
Schoenfeld’s “wild goose chase” (1985).
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In the wild goose chase the students will become fixated on one idea and spend their 
allotted time exploring it without taking the time to reflect on whether it is getting them 
closer to solving the problem. Their efforts may be getting them closer to their goal, the 
idea that was proposed by a single student that went unchecked, but if that idea is not 
relevant to the problem’s solution then the group’s efforts appear to be wasted. The 
students seem to get themselves caught in a cycle of introducing and starting to try out a 
solution strategy, only to get caught up in how that strategy is going to bring them closer 
to the unchecked idea. New strategies or variations on already presented strategies will 
be introduced and tried, but the group keeps returning to the same issue. With no 
facilitator to either resolve the dilemma or suggest moving on to another problem, the 
group can spend far too long stuck in this cycle unable to make forward progress.
It was one such wild goose chase that contributed to the 46 minutes Group B spent 
doing Problem #1 during Session B1. During the group progress checks that occurred 
upon each participant’s arrival, it was established that no one in the group had already 
started this assignment, let alone Problem #1. Thus no one positioned himself to take a 
leading role while the students worked on solving this problem. As a result, the students 
spent most of their time struggling to make sense of the same issue again and again: 
determining the starting coordinates for the vector representing the second segment of 
pipe.
The episode occurs shortly after Hugh and Conrad finish reading the problem. 
Together they establish the orientation of their axis and dub the origin as the starting 
point for their pipe segments. Four minutes after the initial reading of the problem, Hugh 
offers the first idea on how to create vectors that represent the pipe segments while 
Conrad brings up the idea that starts the wild goose chase: “But we don't even know 
what point it turns at.”
139
Time Microtask Speaker Dialogue
(0:11:11) Self-disclosure Conrad
I don't know how you're supposed to know 








Second one? This is what I don't get, like,
I- when yo- if you were to write- if you were 
to make vectors, if you were to write...like 










The first one, so that's obvious, but this 





y0. So like you just say, well no that's what 
I thought, I thought if you just add, uh, I did 
'em all in terms of like the big, um, y'know 
what I'm talking about? 1, 2, or 3? 
Whatever those are?
Table 5.14. Part 1 of the wild goose chase example. The [...] indicates dialogue that was 
cut to save space.
Table 5.14 shares the next part of the saga. In between exchanges Ben and Phil
have arrived and joined the study session. Ben agrees with Conrad and readily shares 
his confusion over the issue of determining the starting coordinate for the second vector. 
Ben then proposes a new strategy for determining the coordinates, different from Hugh’s 
first proposed strategy of constructing the vectors with respect to time.
Twenty-three minutes into the problem-solving process Conrad introduces a new 
idea to the group in Table 5.15. He starts to backtrack on his first idea and suggests that 
maybe determining the starting coordinates for the second vector is unnecessary. Ben 
wants to be persuaded, when he remarks, “that’s what I’m saying, does it matter where it 
starts?” But ultimately he and Hugh resist the suggestion and continue to focus on how 
far up the second vector starts.
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Time Microtask Speaker Dialogue
(0:23:28) TransactiveQuestion Hugh
How else do you take into account the fact 
that it doesn't start at the origin?
[...]
(0:23:43) DidactiveUtterance Conrad
They're being added vectorily though, so I 
don't think it matters where it starts.
Transactive
Question Phil




That's what- that's what I'm saying, does it 
matter where it starts? Like I feel like-
Transactive
Response Conrad
I don't think so, because you're gonna have 
the first one be zero, and it could be zero 
length. And that could- you don't know it's 
starting 1 up.
Transactive
Question Ben Why did you just say-
Transactive
Response Hugh
I'm not saying it started one up, I'm saying it 
started at some length up, that's determined 
by how- how far it traveled for, on the first one.
Didactive
Utterance Ben
Yeah. The start of the second one is 
determined by the height of the first one.
Table 5.15. Part 2 of the wild goose chase example. The [...] indicates dialogue that was
cut to save space.
This marks the first instance of members of the group questioning the necessity of 
this particular subgoal. As the focus at the end of this interaction remained on how to 
determine the coordinates of the start of the second vector, it is clear that the members 
of the group continued to be unable to determine whether the achievement of this 
particular subgoal was necessary.
It is not until 32 minutes or so into their solution attempt for Problem #1 that all the 
group members finally agree that a starting coordinate for the second vector is not 
needed, as seen in Table 5.16. It has been a long period of negotiation with several 
ideas raised and rejected, many of them coming back to the frustrations of determining 
the starting coordinate for their second vector, the idea that started the chase to begin 
with. Ultimately more questions were raised than were effectively answered and the
students’ uncertainties and lack of confidence with the problem helped prolong the wild 
goose chase until the initiator of the coordinates idea, Conrad, called off the search 
himself.
Time Microtask Speaker Dialogue
(0:32:05) TransactiveQuestion Hugh
So you're just saying that for the pipe line 
it's just p [0,1, rad 3] + k [1,1, 0]?
Directive
Utterance Phil You don't even have to specify that.
[...]
(0:32:10) FacilitativeUtterance Phil
It says express the directions of the different 
sections of pipe as vectors.
[...Amy arrives...]
(0:32:24) Conrad You just have to express each one individually.
General
Confirmation Ben Yeah.
Table 5.16. Part 3 (the last part) of the wild goose chase example. The [...] indicates
dialogue that was cut to save space.
In the above we saw a systematic offering of procedures to address the subgoal of 
determining the starting coordinates of the second vector with almost no reflection of 
how the determination of the coordinates will contribute to answering the first part of the 
problem. That is, the sociomathematical norms being enacted by the members of the 
group focus on procedurally solving and stringing together a series of subgoals in order 
to solve the problem. However, none of the members of the group seem to enact any 
norms questioning how the achievement of specific subgoals would contribute to 
answering the problem as a whole. The lack of enacting sociomathematical norms that 
would have allowed the students to reflect on their chosen subgoals within the context of 
the overall problem, coupled with the students’ emphasis on searching for procedures 
that would address only the subgoal seems to have caused Group B some trouble 
during their solution attempts.
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The interactions throughout all microtasks enacted without a leader demonstrate the 
cooperative collaboration that can occur between peers of equal knowledge that is 
discussed by Rogoff (1990). During these interactions the participants are striving to shift 
each other’s perspectives through mathematical argumentation and bridge any gaps that 
arise in their meaning (Rogoff, 2003). Furthermore, the structure of the group’s 
participation in these episodes was more mutually negotiated than it was when there 
was a specific individual acting as a leader for the group.
5.3. Summary
This chapter has presented a variety of useful information to take into account when 
trying to describe what transpires during a group study session. Starting with the 
members that make up the groups and progressing down to the microtasks they engage 
in, every piece is interrelated and affects the others.
The members of the group itself influence when the group meets with their class and 
work schedules. Their preferences for starting the homework on their own before 
meeting with the group can affect whether a leader type role will arise during the group 
interactions. Thus, it seems that the individuals that choose to gather together have the 
strongest impact overall on both the macrotasks and microtasks that make up the study 
session.
The macrotasks help describe the activities of an entire study session. They reveal 
how the group portions its time. Furthermore, both macrotasks and microtasks provide 
opportunities for social and sociomathematical norms, such as those identified by Yackel 
and Cobb (1996), to be enacted. Macrotasks such as doing problems, deciding to ask 
the professor, and reporting the professor’s response all featured moments of students 
enacting sociomathematical norms as negotiated by their group. Other macrotasks, such 
as group progress checks and getting situated, are strictly social so the norms the
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students enact within them are also social and may be generalizable to study groups for 
other courses.
The microtasks help provide a description of what occurs during the macrotask of 
working on problems. While problem-solving frameworks help break up problem-solving 
interactions into different stages, to see how each student contributes during those 
stages the finer grain lens of the microtask is needed. It is during the analysis of these 
microtasks that the impact of a leader type role on the group’s dynamic can be observed. 
The microtasks associated with such roles closely reflected the group interaction styles 
observed by Pazos, Micari, and Light (2010) but were also evidenced of Rogoff’s guided 
participation (2003) and collaboration between peers of equal knowledge (1991).
The collection of data presented in this chapter provides the information necessary to 
address the research questions set forth in Chapter I. The identification of macrotasks 
and microtasks both laid the groundwork for developing descriptions of what happens 
within student study group and for identifying the roles that students may assume while 
working together. Throughout the analysis, the students have been observed using a 
variety of resources, including the professor himself. I further develop the answers to my 
research questions and address their implications for future research, the practice of 




This study has made several contributions to the existing literature. First, this study 
provides a method for observing students studying together outside of the classroom 
setting by way of establishing a designated study space. Next, the observations of the 
student study sessions led to the discovery that there are both more, and different, 
things going on in student study groups than previous research findings suggest. 
Determining which set of students comprised a study group was not as intuitively or 
inherently easy as previously suspected. After the study groups had been identified I 
was able to identify the macrotasks and microtasks that described how the groups spent 
their time together.
By focusing on a series of study sessions centered on a particular homework 
assignment, I was able to observe students enacting social and sociomathematical 
norms within the identified macrotasks and use the concept of microtasks to describe the 
recurring patterns that arose in students’ interactions. While reviewing the collections of 
microtasks for repeated episodic behavior, a pattern emerged regarding the presence of 
a leadership role, or lack thereof. Thus the findings of this study contribute further insight 
into the activities students engage in while studying together outside of the classroom.
In this chapter I elaborate on the contributions of each of my findings and address 
how they enforce, or call into question, what is suggested by currently available research 
about which behaviors students exhibit outside the classroom that they learned while 
inside the classroom such as Yackel and Cobb’s (1996) speculation that enactment of 
classroom social norms and sociomathematical norms leads to self-autonomy outside of
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the classroom. I then share how these findings answer my research questions. This 
discussion is followed by identifying the study’s implications for future research, theory, 
and practice. This chapter concludes with a look at the limitations of the study as carried 
out and possible directions for future research.
6.1. The Findings
While the goal of this study was to answer the research questions proposed in 
Chapter I, the main findings of the project merit some interpretation of their own. In this 
section I review evidence from the determination of student study groups, the 
identification of macrotasks and microtasks, as well as the social and sociomathematical 
norms associated with these tasks, and the impact the role of a leader can have on the 
group’s activities. Each of these subsections revisits the main conclusions drawn from 
Chapter V while positioning them in the field of mathematics education with respect to 
the currently available literature.
6.1.1. Students and Groups
With respect to the students and the study groups they form, this study has several 
findings to contribute to answering the research questions. First, this study identifies 
three reasons students convene to work together outside of the classroom, all of which 
feature doing problems as a primary activity in order to identify how content and purpose 
affects student roles. Next, it showed how to apply techniques from social network 
analysis to determine which students studied together in groups. Finally, interviews with 
the participants shed light on how they chose the individuals they studied with which 
impacted the activities that the students engaged in and some of the roles that arose 
within the groups.
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6.1.1.1. Objectives for Studying
The analysis of the journal entries presented in Table 4.1 in Chapter IV showed that 
students gathered to study for one of three reasons: (1) to work on a homework 
assignment, (2) to prepare for an exam, or (3) to practice extra problems. When the 
study session featured a group of 5 or fewer individuals, such as Sessions A1, A2, B1, 
and B2, the sessions were filled with discussions amongst the participants that ranged 
from just starting a problem to negotiating the problem’s final answer and carried out a 
variety of the group dynamics observed by Pazos, Micari, and Light (2010). Study 
sessions of 6 or more individuals, such as Session C1, took the form of a review session 
where participants took turns leading the others through a problem’s solution strategy in 
the form of either simple instruction or elaborated instruction (Pazos, Micari, & Light, 
2010). Hence surrogate lecturers made appearances in both sizes of study group 
whereas facilitators were only observed during small study groups.
Furthermore, all the observed study sessions featured doing problems as a main 
activity as well as a subset of the other macrotasks: getting situated, assignment (HW) 
planning, session planning, checking the group’s progress, planning to ask the professor 
a question, reporting the professor's response, discussing the homework write-up, 
planning future study sessions, off-topic discourse, recognizing off-topic talk, and filling 
out journal entries for this study. Several of these macrotasks also showed students 
taking on roles, such as moderator and ambassador to the professor. Thus the answer 
to the second research question regarding the effect of content and purpose is directly 
impacted by these findings since the opportunities for students to take on different types 
of leader roles relied on the type of study session and the macrotasks that occurred 
during that study session.
147
6.1.1.2. Identifying the Study Groups
Determining the groups that were meeting regularly required more than could be 
determined from observation. The attendance records showed groups attending in a 
range of sizes, from single individuals up to 13 students at one time. Some of this 
variation is due to participants arriving at the study space while it was already in use by 
other students. This was evidenced on one occasion when S16 studied with members of 
Core Group A. As pointed out toward the end of Section 4.2.4 in Chapter IV, S16 
responded to the prompt “Whose idea was it to study today?” with the statement “Mine, I 
just showed up” on her journal entry for that session. This is consistent with anecdotal 
evidence of what transpires in libraries, dormitory rooms, and study lounges in university 
hallways. The core group will make a decision of when and where to gather and if other 
individuals happen to stop by, they are welcomed to join the group.
This meant that the groups of students that had planned on studying together were 
not obvious from looking at the attendance records with no additional analysis. One way 
to uncover additional information on which students perceived themselves as a study 
group was to ask the students to reflect on which of their peers they worked with over 
the course of a study session. The journal entry question “Who did you work with today?” 
was meant to fill this role and triangulate the findings with the attendance records, 
uncovering which students formed the core groups.
However, many students treated this journal entry question as a prompt for taking 
attendance. While a better-phrased question might yield the desired results, this 
misinterpretation had its advantages. As the students proved to be consistent with 
attendance taking on journal entries filled out for the observed study sessions, it was 
reasonable to expect that the names they listed on journal entries recorded for 
unobserved study sessions were also an accurate picture of which participants were in
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attendance. This allowed the use of the social network analysis techniques of c-level 
clique analysis and correspondence analysis on the attendance records for both the 
observed study sessions and the journal entries completed for unobserved sessions as 
demonstrated in Chapter IV. By determining which students were meeting in groups I 
was able to look for patterns in interactions between participants within each group. This 
enabled me to identify the macrotasks and microtasks that students engaged in over the 
course of a semester so that I could address the subquestions of my first research 
question.
6.1.1.3. Development of Study Groups
While social network analysis identified which students formed a group, the 
interviews with the participants offered insight into why the students had chosen the rest 
of their core group as study partners. The selection of which peers to study with had a 
direct impact on what time the group met, which in turn influenced whether any of the 
students acted as ambassador to the professor. When the participants were asked about 
which individuals they felt they studied with, several patterns emerged in how they 
selected fellow peers to study with. As evidenced in Section 5.1.1 of Chapter V, the 
students of Core Group A and Core Group B forged their connections through taking 
classes together and the proximity of their living arrangements.
The students of Core Group B knew of each other from being enrolled in the same 
calculus sequence the year before. They started studying together this year because 
they developed friendships over the previous year, lived near each other, and were 
enrolled in at least one additional class together during the semester they were 
observed. In Core Group A, Josh and Amy had studied together during the previous year 
for their calculus and physics courses. Since Amy also developed familiarity with Zoey
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and Abigail during the previous year while enrolled in a different course, she provided a 
connection for Josh to meet Zoey and Abigail during the observed semester.
6.1.1.4. Study Communities
The groups that developed are consistent with the communities of Chinese students 
that Treisman wrote about in his dissertation (1985). The observed core groups met on a 
regular basis to work on homework or exam review together. Since the core groups were 
comprised of students that had meaningful relationships outside of the course, such as 
the friendship of Amy, Abigail, and Zoey or the friendship between Phil and Hugh, the 
groups served as more than just a way to get work done. The groups formed small 
communities similar to Treisman’s Chinese students because in addition to their 
mathematical work they “shared all manner of information related to their common 
interests” (1985, p. 14). As Phil pointed out in his interview, the ability to socialize while 
participating in this community of practice was almost as important to him as the 
opportunities such participation afforded him to learn the material by doing problems with 
his peers.
The determination of which students are studying together and why they chose to 
study together is only the start for describing how students study together. This is 
because the decision of who to study with can have a serious impact on what happens 
while actually studying. Hence my study builds upon Treisman’s work by developing a 
more in depth means of describing the patterns of interactions that arise between the 
participants in the study groups using macrotasks and microtasks. This study also adds 
to Treisman’s findings by addressing how the students decided to study together and 
when, in a way that moves beyond focusing on groups that assembled based primarily 
on race.
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As these study groups resemble communities of practice (Lave & Wenger, 1991), it 
is unsurprising that students allow their common goals to bring them together and 
develop a taken-as-shared collection of communal resources such as norms and 
routines that refine how they engage in studying together. Hence the findings that 
students participate in these study communities inform the answers to the research 
questions addressed by this study since the determination of which roles are enacted by 
students also requires understanding who the students are socially and how they form 
their groups.
6.1.2. Macrotasks and Microtasks
Macrotasks are the main activities students engage in throughout the duration of a 
study session. They are typically identified by the content of the students’ conversations. 
Microtasks on the other hand are the recurring patterns in interactions that occur 
between students within the macrotasks. The identification of macrotasks helps give an 
overview of what transpires during a study session and a way to compare what different 
study groups are spending time on. The microtasks shed additional light on how the 
students interact during the various phases of problem-solving. The results of this study, 
with respect to the identification and defining of these macrotasks and microtasks, mark 
one of the first efforts in the field to provide a meaningful method for describing what 
occurs in student study groups outside of the classroom. Furthermore, the identification 
of these tasks directly addresses two subquestions needed to answer the first research 
question.
Since the macrotasks and microtasks are descriptions of repeated activities and 
interactions among the students, they are also opportunities to develop and enact of 
social and sociomathematical norms (Yackel & Cobb, 1996). Table 6.1 shows a 
breakdown of the macrotasks across the norms with respect to their potential for the
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enactment of a particular norm type. Most of the macrotasks were strictly social, similar 
to those one might find in a classroom or within study groups for other courses, and as 
such only classroom social norms had the opportunity to be enacted. Determining which 
problems need to be worked on, planning when to gather in the future to finish the
assignment, and all off-topic discourse serves to bond the group and create a sense of 




Getting Situated Doing Problems
Assignment (HW) Planning
Session Planning Planning to Ask the Professor a 
QuestionChecking the Group’s Progress
Planning Future Study Sessions Reporting the Professor’s 
ResponseOff-Topic Discourse
Recognizing Off-Topic Talk Discussing the Homework 
Write-upFilling Out Journal Entries
Table 6.1. Classification of the macrotasks across norms.
On the other hand, the macrotasks of doing problems, discussing the homework 
write up, planning to ask the professor a question and reporting his response are all 
macrotasks during which sociomathematical norms may arise. In particular, the 
macrotask of doing problems was the most content specific activity the students 
engaged in and featured the most instances of enacted sociomathematical norms.
Yackel and Cobb claim that the “social norms implicit in the inquiry approach to 
mathematics instruction [...] foster [students’] development of social autonomy” and that 
sociomathematical norms “foster[s] the development of intellectual autonomy” (1996, 
p.473). Thus the macrotasks and microtasks identified in this study provide a way to look 
for enactments of the social and sociomathematical norms in student behavior observed
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outside of the classroom context, where the students practice their social and intellectual 
autonomy.
As student study groups outside the classroom share many of the attributes of 
guided participation as described by Rogoff (2003) and communities of practice as 
identified by Wenger (1998), the students take responsibility for negotiating the 
normative behaviors that will become part of the shared repertoire of communal 
resources. Thus if students have adopted or assimilated norms that were taught to them 
inside the classroom setting it stands to reason that those norms would appear in the 
communally accepted set of normative behaviors.
6.1.3. The Difference a Leader Makes
When the group featured a student acting as a leader to guide or direct the other 
group members through a problem’s solution, the group dynamics mirrored those of 
groups that were assigned team leaders as discussed by Pazos, Micari, and Light 
(2010). This study builds on these findings by identifying two recurring group interactions 
that occur without the presence of a leader in the group.
When none of the students acted as a leader for the group, group interactions 
featured equal partner collaboration as described by Rogoff (2003) with no particular 
individual structuring the participation of the group members and everyone contributing 
to bridging meaning. As evidenced in Tables 5.3 and 5.4 in Chapter V, in both Group A 
and Group B the largest amount of time was spent on single problems. These problems 
both contained episodes where neither a surrogate lecturer nor facilitator was present. 
For Group B that episode occurred in Problem #1, as a facilitator did not emerge at any 
time as shown in Tables 5.14 through 5.16. In Group A, though Josh acted as a 
surrogate lecturer at the beginning of Problem #4 in Tables 5.5 and 5.6, during the 
answer check episode presented in Tables 5.11 through 5.13 his confidence in his
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solution strategy as well as his authority, as perceived by his peers, suffered when the 
correctness of his answer was called into question and he was unable to account for the 
three different answers produced by the group.
6.1.3.1. The Wild Goose Chase
In Group B, Conrad’s idea that the coordinates of the second vector had to be 
determined in order to complete the problem was accepted by his peers without 
challenge. The group then offered a series of procedural strategies for determining the 
coordinates, still without questioning how the determination of the coordinates was going 
to help with the bigger picture of determining the angle between the vectors. It was not 
until Conrad himself changed his mind regarding the necessity of the coordinates in 
Tables 5.15 and 5.16 that the episode, that Schoenfeld (1985) would have termed a 
“wild goose chase,” was brought to an end.
The presence of a leader, an individual with either knowledge of the problem, such 
as the surrogate lecturer, or the concepts behind it, such as a facilitator, would have 
structured the group’s participation during this episode differently, potentially curbing the 
group’s wild goose chase before it began. However, this may not be a good thing. An 
argument could be made that it was only during episodes without the presence of some 
sort of leader that any real problem-solving occurred. Thus with either a surrogate 
lecturer or facilitator present, at best the student interactions would mirror Pazos, Micari, 
and Light’ (2010) supported discussion or guided discussion group interactions, both of 
which could be considered cases of Rogoff’s guided participation (2003).
6.1.3.2. Answer Check Turned Procedure Verification
The majority of the time Group A dedicated to Problem #4 was focused on the 
comparison of final numerical answers. When those answers did not align there was a 
shift in roles so that every member of the group acted as what Rogoff termed an equal
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peer (1990), with no expert peer to act as leader. The rest of the answer check turned 
into an instance of procedure verification where the group’s first response was to search 
for computational errors.
When that did not immediately pan out, the members of the group discussed the 
strategies they used, procedurally, without meaningfully addressing why both strategies 
should have worked. This is consistent with the findings of researchers such as Fukawa- 
Connelly (2005) who suggested that even at advanced levels of mathematics studies 
students show a reliance on procedural fluency over conceptual understanding . The 
only explanation that was offered as to why both strategies should have worked was 
given in Table 5.12 when Abigail and Josh observed that both methods had been 
demonstrated in class as viable options and were available in their notes. When that 
didn’t work, both Josh and Abigail re-performed their strategy from scratch.
In Table 5.13 Abigail did discover what she believed to be a procedural error in work 
and then came up with an answer that was even further removed from her peers. Unable 
to resolve their dispute, Josh tried to seek the professor at least two times over the 
course of the answer check episode. The group’s reliance on the professor to resolve 
their disputes furthers the claims of researchers like Lampert (1986), who observed that 
“students have learned to rely on the authority of a book or a teacher to ‘know’ if their 
answers are right or wrong rather than asking themselves whether either the answer or 
the procedure they use to arrive at it makes sense” (p. 317). Webel (2010) further 
stipulates that this reliance on the teacher as the final source of authority is especially 
problematic since “students who always defer to their teachers are failing to make sense 
of their own solutions” (p. 315).
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6.1.3.3. Summary
In addition to the absence of some type of leader, both of these episodes were 
affected by the procedurally focused activities performed by the two groups. The course 
these students were enrolled in featured a mix of in-class, group-work activities and 
whole class discussions as well as some elements typically found in a lecture-based 
classroom. While they were familiar with problem-solving strategies as enacted in the 
classroom, once they were outside of the classroom it did not appear that the activities in 
class had any influence on their activities beyond the procedures they focused on 
applying. Thus, despite what the students may have exhibited while in the classroom, 
they still resorted to baseline, procedural, “let’s get this problem done and move on,” 
behaviors focused on bottom lines such as achieving certain grades on the assignment. 
Thus the primary sociomathematical norm that appears to be enacted while students do 
problems is focused on procedures. This is also evidenced in the microtasks that occur 
with a surrogate lecturer present. Even during episodes of elaborated instruction, the 
elaborations were focused on explaining how various parts of the procedure were 
performed, not on its conceptual underpinnings or its relation to the problem as a whole. 
This is aligned with the findings of Fukawa-Connelly (2005), who observed that this 
procedural emphasis was common among students at the university level.
Overall, this knowledge is important for answering the research questions for many 
reasons. Knowledge of these traits helps distinguish between roles such as surrogate 
lecturer and facilitator, which possess very subtle differences. Additionally, the 
knowledge derived from these episodes shows that one instance in which students 
change roles occurs when the student that was the leader for the group is unable to 
claim verification from a source of authority and thus stops being the leader. Then this
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knowledge also demonstrates that in addition to the role of ambassador, the group’s 
leader also derives his or her authority directly from the professor.
6.2. The Research Questions 
As indicated by both the discussion about the findings above and the motivation laid 
out in the introduction, very little is known about what the students actually do when they 
study together outside of the classroom. It was anticipated that students were carrying 
over behaviors learned in class and following instructions to carefully build their 
understanding of concepts by conscientiously reviewing work and probing beyond 
procedural discussion but that didn’t appear to be the case. Hence there is some import 
to be assigned to answers of the research questions that guided this study.
This study sought to develop a description of what transpires when students study 
mathematics together in self-formed groups outside of the classroom setting by 
addressing the following questions:
1. What roles, if any, do students exhibit while working together in a self-formed 
mathematics study group?
a. What macrotasks and microtasks do students engage in during a group study 
session?
b. Participation in which macrotasks and microtasks characterize a role that a 
student has assumed?
c. Do these roles change over time and, if so, why?
2. How does the content, and purpose (i.e. homework assignment, exam 
preparation, projects) of the study session impact the students’ patterns of 
interactions and their roles?
3. What resources (i.e. notes, textbooks, internet) are being used by the students 
during the study session and how are the materials being utilized?
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The findings summarized earlier contribute some of the answers to these questions. 
Drawing upon evidence from Chapters IV and V, I examine and answer each of these 
questions individually in greater detail.
6.2.1. Question 1: Exhibited Student Roles
The series of subquestions listed above were designed in order to determine which 
roles emerged through the identification of recurring activities in the form of macrotasks 
and microtasks. By looking for trends in how students participated in these activities I 
could then address whether the roles students assumed changed over time.
6.2.1.1. Question 1a: Macrotasks and Microtasks
The macrotasks that emerged during the study sessions were: doing problems, 
getting situated, assignment (HW) planning, session planning, checking the group’s 
progress, planning to ask the professor a question, reporting the professor’s response, 
discussing the homework write-up, planning future study sessions, off-topic discourse, 
recognizing off-topic talk, and filling out journal entries for the study. Of particular interest 
to the overarching question were the macrotasks of planning to ask the professor a 
question and reporting his response, recognizing off-topic talk, and doing problems as 
these all presented opportunities for students to embody roles that impacted the overall 
group’s actions.
The macrotask of doing problems was host to a variety of verbal exchanges, some of 
which suggested emerging roles. To more clearly identify what transpired during these 
exchanges student utterances were coded based on a combination of the discourse 
codes developed by Blanton, Stylianou, and David (2009) and Goos, Galbraith and 
Renshaw (2002), provided in Table 3.2 in Chapter III. I then looked for patterns in 
student actions represented by trends depicted in the coding of the transcript. These 
patterns in student interactions comprised the microtasks that occurred within the
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macrotask of doing problems. Examples of the observed microtasks include answer 
checking, simple instruction, elaborated instruction, supported discussion, and guided 
discussion.
While there were other patterns in interactions observed, I was unable to ascertain 
their specific contributions to understanding how students work together in groups. In the 
case of some of these microtasks it was that there were not enough instances of them 
from which to generalize the behavior being exhibited. In the case of others, the contexts 
in which they emerged varied, making it harder to identify their purpose. Finally, there 
were some that did not seem to further the understanding of how students across 
mathematics courses studied in groups outside of the classroom as these microtasks 
were specific to policies laid out by the professor for the course the participants were 
enrolled in.
6.2.1.2. Question 1b: Student Roles
Student roles were seen throughout several macrotasks and embodied within several 
microtasks. The macrotasks of deciding to ask the professor a question, reporting the 
professor's response, and recognizing off-topic behavior all gave rise to roles that 
impacted the way the group conducted itself. Additionally the microtasks of simple 
instruction, elaborated instruction, supported discussion, and guided discussion shed 
light on another set of student roles, particularly types of leadership roles, which students 
enact while doing problems.
6.2.1.2.1. Ambassador (to the Professor)
Within the macrotasks of planning to ask the professor a question and reporting the 
professor’s response, one very clear role gets defined: ambassador to the professor. As 
seen in Section 5.2.1.3 of Chapter V, during the macrotask of planning to ask the 
professor a question the students decide clarification of the problem statement or
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verification of their procedure is necessary. This leads to an identification of which of the 
students will actually leave the space to seek out the professor and get feedback on the 
group’s issue. Depending on the individuals involved, different sets of social and 
sociomathematical norms may be exhibited during these macrotasks.
Hence while the overall pattern is repeated in the answer check episode presented in 
Tables 5.11 through 5.13 in Chapter V where Josh offers to elicit feedback from the 
professor regarding the discrepancy in their answers, there is no group refinement of the 
question to be asked. In the example given in Section 5.2.1.3 of Chapter V, where Zoey 
is selected as the ambassador to the professor, there is the sociomathematical norm of 
determining the appropriate mathematical phrasing in order to get the feedback she and 
Abigail need on their proposed solution strategy. However in both of these instances 
there is a social norm of deciding who the representative of the group will be.
This representative from the group must then return to the group and share the 
professor’s response. This requires that the ambassador to be able to accurately 
represent the group’s trouble to the professor, engage in discourse with the professor to 
the extent that the question is answered or trouble is resolved, and finally return to the 
group with in order to present the professor’s response in a manner that is accessible to 
the rest of group. In a sense, on the return to the group that participant becomes an 
ambassador from the professor, representing his answers and strategy and ready to 
field any additional questions that might arise from the group as a direct response to the 
professor’s response. At the very least there appears to be a social norm enacted 
wherein the ambassador is expected to be able to recite all the information that was 
dispensed by the professor. In the cases where the ambassador also acted as a 
surrogate of the professor, there was a sociomathematical norm of being able to explain 
different facets of the professor’s response.
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6.2.1.2.2. Moderator
The ability to recognize when off-topic talk has carried on long enough is another 
important role that emerges through a macrotask. As presented in Section 5.2.1.6 of 
Chapter V, this macrotask is coded when an individual speaks up and attempts to bring 
the group’s focus back to the session’s objective. As a person that identified himself as 
easily distractible, Phil believed that he was equally likely to act as the moderator for the 
group. As he put it, “sometimes I’ll be the one to pull things around and be like, no really, 
we need to get back to this.” This was evidenced when he assisted Conrad in pointing 
out that the group’s off-topic discourse had gone on long enough.
6.2.1.2.3. Surrogate Lecturers, Facilitators, Active Students, and Passive 
Students
The roles I spent the most time investigating were those of the surrogate lecturer and 
facilitator. Heavily influenced by the literature (Lave & Wenger, 1991; Pazos, Micari, & 
Light, 2010; Rogoff, 2003), I looked for students taking on leadership type roles within 
their group. I found evidence for the roles of surrogate lecturers and facilitators while 
analyzing microtasks that mirrored the group interaction styles classified by Pazos, 
Micari, and Light (2010) presented in Chapter II: simple instruction, elaborated 
instruction, supported discussion, and guided discussion. Students embodied the role I 
call surrogate lecturer during the microtasks of simple instruction and elaborated 
instruction whereas the role of facilitator is arose in the microtasks of supported 
discussion and guided discussion.
During simple instruction, the surrogate lecturer is the individual that teaches a skill 
or procedures to other members in the group by issuing a series of primarily directive 
utterances; essentially lecturing to a passive student audience that responds to these 
utterances with general confirmations. Thus it is marked by one student putting an
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emphasis on describing the steps in a mathematical procedure to reach the final answer 
for a problem while the other student, or students, interject occasional general 
confirmations to indicate he, or they, are listening and the surrogate lecturer should 
proceed with the description. An example of this was given in Table 5.5 in Chapter 5 with 
Josh acting as the surrogate lecturer and Zoey taking the role of passive student.
However, when Zoey, the passive student, asked for a clarification of a step in the 
procedure that Josh had given in Table 5.6, the situation turned into an instance of 
elaborated instruction. In elaborated instruction, the leader type role is still the surrogate 
lecturer only now the surrogate lecturer elaborates on a step in the instructed sequence 
with a mathematically sophisticated explanation that is still focused on the mechanics of 
the procedure for solving the problem rather than addressing the conceptual foundation 
of the procedure. Thus these microtasks feature at least one transactive question from 
the passive student that elicits a series of transactive responses from the surrogate 
lecturer.
In both the episodes of simple instruction and elaborated instruction, the expert peer 
plays an influential role in determining the structure of the group members’ participation 
as observed by Rogoff (2003). The enactment of instruction through procedural lecturing 
is a learned behavior through the apprenticeship of observation that the students have 
engaged in throughout their many years of schooling (Borg, 2004). Hence while enacting 
their own mentor-apprentice relationships in their developed communities of practice 
(Lave & Wenger, 1991), students utilize the actions of the teachers they have observed 
over the years, such as lecturing.
A different dynamic occurs when the leader type role is that of the facilitator. 
Consistent with the facilitator as used by Pazos, Micari, and Light (2010) in most ways, 
with the exception that none of the students in this study have previous knowledge of
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this course, the facilitator is responsible for guiding members of the group through 
working on a problem rather than teaching the problem’s solution to the group. Thus it is 
up to the rest of the members of the group to assume the role of active student and 
propose solutions and new ideas that could contribute to the solution of a problem. This 
requires that the students be able to distinguish when two ideas are mathematically 
different and defend their proposed ideas with a sufficient mathematical explanation.
Thus active students often issue feedback requests, self-disclosures, and directive 
utterances toward the individual they believe has knowledge of the problem’s solution or 
answer, in this case the student acting as the facilitator. This was evidenced by the 
behavior exhibited by Abigail illustrated in Table 5.7 in Chapter V. When Abigail shares 
her solution strategy and requests Josh’s feedback, Josh is placed in the role of 
facilitator with Abigail taking on the role of active student. .
Episodes of guided discussion are marked by the transactive prompts that are 
uttered by the student acting as the facilitator. In this microtask, the facilitator scaffolds a 
solution to the problem the rest of the group members have requested help on by asking 
questions he already has answers to in order to elicit transactive responses and directive 
utterances from the active students. This is seen in Table 5.8 of Chapter V when Josh, 
acting as the facilitator, prefaces a guided discussion episode with ‘This'll give you 
something to think about. I'm not gonna like tell you how to do it?“ The active student, 
Abigail, then engages with transactive responses, transactive questions, and directive 
utterances all of her own. In this microtask, the facilitator is required to have a 
mathematically sophisticated understanding of the problem he is guiding the students 
through as he must have both a hypothetical trajectory for the procedure he wants the 
active students to implement and the ability to interpret the student responses to this
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prompts in order to adjust his intended scaffold as necessary to keep the students on 
track.
While these episodes are predominantly marked by the presence of a leadership role 
such as surrogate lecturer or facilitator, the roles of active student and passive student 
are also important. As the other half of the conversation, or the other side of the coin, 
they serve an important purpose in keeping up the momentum of the conversation 
enacted while the students do problems together.
6.2.1.3. Question 1c: Changing Roles
Students do switch between the roles of ambassador to the professor, moderator, 
surrogate lecturer, facilitator, active student, and passive student. While the observed 
study sessions I used for analysis in Chapter V do not provide enough of a window to 
discuss change over long periods of time, the students appeared to switch between roles 
within a single session; from problem to problem or up to several times within the same 
problem discussion.
The decision to assume, or eschew, the roles of facilitator and surrogate lecturer 
appeared to correspond with both the level of confidence the student had with his, or 
her, knowledge of the solution strategy and final answer for a particular problem and the 
other group members’ perceptions of that person’s level of understanding of the 
problem. As indicated by the interview participants’ responses to the queries concerning 
what role they self-identified as assuming within their groups, their decision to take on a 
leadership role within the group was associated with their level of confidence in their 
knowledge of the problem. The more confident a student felt about the material or the 
correctness of his or her answer and solution strategy, the more likely he or she was to 
take on a leadership role within the group. For instance, although Josh was the 
surrogate lecturer for much of Problem #4, the moment the answer check yielded 3
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different answers in Table 5.12 he lost some confidence in his answer and strategy. This 
led Josh leaving the designated study space several times as ambassador to the 
professor in order to seek verification of the strategies and the determination of a correct 
final answer.
Different students enacted the roles of passive student and active student from 
problem to problem or even within the same problem, though it is less clear what 
prompted these changes. One possible explanation is that these role changes were 
attached to the type of feedback the students required while working through the 
problem. For instance, if a student had already developed a strategy and wanted 
feedback, she was more likely to take an active role, sharing the strategy and asking for 
her peers to weigh in, as evidenced by Abigail during the supported discussion example 
in Table 5.7.
Another potential explanation for this change in roles between active and passive 
students may lie in how the facilitator, or surrogate lecturer, perceives his audience. In 
the Section 5.1.1.1.1 of Chapter V, Josh acknowledged that his contributions to the 
group depended on the rest of the individuals in the group. Thus if he was acting as 
surrogate lecturer and perceived a peer to be more uncertain of how to perform a 
particular strategy or as needing an explanation of a procedural step, he was more likely 
to treat that peer as a passive student. This gave rise to the examples of simple 
instruction and elaborated instruction presented in Tables 5.5 and 5.6 in Chapter V.
The role of ambassador to the professor was equally shared amongst the students 
however there appeared to be no discernable pattern as to how the ambassador was 
selected. In some instances it was the student that proposed seeking the professor’s 
help that became the ambassador. In other instances, one student would ask another 
group member to assume the role Further analysis of this macrotask across additional
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study sessions could offer some insight into how the students chose to take turns with 
this role.
Similarly, students appeared to take turns acting as moderator for the group and 
drawing the group’s attention back to the matter at hand. It does seem to be based on 
which students have the most at stake. Students that have limited time left to study with 
the group or are more concerned with finishing the problem that is being worked on are 
quicker to redirect the group’s focus. Take Conrad for instance. It was his idea to 
determine coordinates of the vector in Problem #1 end then later had to redirect the 
group’s attention to his next idea, that the coordinates aren’t needed after all. He was 
often the individual who then attempted to refocus the group when digressions broke out 
while working on Problem #1. Because it was his idea that sent the group on the goose 
chase to begin with, he had a vested interest in keeping the group on task.
These findings are significant in that very few studies have undertaken an 
investigation of what roles students assume on their own in a group, especially in groups 
formed outside of the classroom, and how students transition between those roles. Of 
the research that has been done on group interactions outside of the classroom, such as 
the work of Pazos, Micari, and Light (2010), the focus was on identifying types of group 
interactions that characterized an entire group. This study explored those group 
dynamics in greater depth and has data that suggests the group dynamic is not 
necessarily static, that a single group could switch between dynamics over the course of 
a study session.
6.2.2. Question 2: Content and Purpose of Study Sessions
Chapter V illustrates that different groups may enact different strategies for dealing 
with the same content and that within a single group, the students may enact different 
strategies for the same problem. However, due to Chapter V’s focus on a small subset of
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sessions for in depth analysis, at this time I do not draw conclusions about how the 
change in course content throughout the semester affected the roles and interactions 
that emerged while students worked.
A review of the journal entries showed that students typically gathered to study for 
one of three purposes: to work on a homework assignment, to review for an exam, or to 
practice extra problems. Ultimately, no matter which purpose was stated the session 
itself focused on students doing problems. Size played an additional role as it appeared 
to be correlated with how homework-oriented study sessions and exam preparation 
sessions were treated.
There is not enough data to identify the impact of practice problem sessions on the 
roles assumed by students in groups as the only sessions that were observed with this 
purpose cited as the intended goal tended to be one individual working alone. Thus one 
possibility is to claim that the impact itself is that students tend to work individually on 
this task and the pattern is in fact the lack of interaction. However, if interactions were 
observed between multiple students when they gathered together for the purpose of 
practicing problems it is reasonable to suspect that the students’ interactions would be 
similar to those they exhibit while working on homework or reviewing for an exam since 
they all focus on doing problems.
Small group sessions, comprised of two to five participants, were typically focused 
on determining solutions to problems. As such, these sessions featured patterns of 
interactions both with facilitator and without facilitator. Episodes with a surrogate lecturer 
or facilitator tended to occur whenever participants arrived at the session having already 
done some amount of preparation on the assignment ahead of time that they felt 
confident about. This confidence was typically based on having received verification on 
either their selected solution strategy or final answer from the professor. Often the
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individual that had done prior preparation would serve as facilitator for his peers, offering 
guidance on how to start problems or reviewing his peer’s strategies for improvement. 
This is illustrated in the supported discussion and elaborated discussion examples. 
Supporting roles that occurred to complement the presence of the facilitator included 
those of “active student” and "passive student.”
Episodes without the presence of a leadership role tended to occur more frequently if 
no member of the group had worked on the problems ahead of time or possessed the 
confidence with the material necessary to step up and take the role of facilitator. As 
discussed in section 6.1.3.2, confidence with the material is typically derived from having 
gotten some amount of verification, either on the solution strategy or the final answer, 
from a source of authority such as the professor. As students struggled to work through 
the problem, these episodes began to resemble collaborations between peers of equal 
expertise engaged in guided participation as defined by Rogoff (2003). With no facilitator 
or surrogate lecturer to act as final authority, students had to be persuaded by each 
other’s justifications alone.
Large group sessions often took the form of reviewing already worked through 
problems. The goal was to work in a linear progression through all the problems, starting 
at problem one, and ensure that everyone present knew an appropriate solution strategy 
and had an answer that was agreed on by the majority of those present. As such, thus 
these sessions typically featured episodes with surrogate lecturers, often switching 
which students acted as the surrogate lecturer between problems.
6.2.3. Question 3: Student Use of Material Resources
It is worth pointing out that the class from which the participants were selected did 
not have a standard issued hard cover textbook assigned. The professor posted an 
online textbook of his own devising in addition to class notes about particularly tricky
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concepts. While students did periodically use these resources, they did not appear to 
use them during the sessions observed in depth and reported on in Chapter V.
Other resources that the students used in study sessions that were not discussed in 
Chapter V included computer algebra software such as Matlab and Maple. Because of 
their introduction to these computing tools in class and on homework assignments, 
students did talk about and use these computer algebra systems to verify their answers.
The physical materials that students were observed using during the study sessions 
were pencils, paper, white board markers, and white board for recording answers and 
expressing ideas to the rest of the group. As evidenced through the verbal exchanges 
throughout Chapter V, students also utilized a print out of the homework assignment and 
their notes from class. On the journal entries students also reported using: in-class 
activity worksheets, old homework assignments, old exams, and even practice exams 
for determining problem-solving strategies. They also reported using the website 
Wolfram Alpha in order to compute some answers or check their completed work.
However, the research methods and the data collected did not yield enough 
information to draw many conclusions about how the materials were being utilized. In the 
case of pencils and paper, their use is fairly clear. The students’ use of the white board 
seemed to serve a couple purposes. In one instance, exhibited in Table 5.13 after the 
failed answer check, both Abigail and Josh chose to re-work their computations on the 
white board because they were reluctant to erase what was already written down on 
their paper. In other instances, the white board served as a common ground for sharing 
ideas, such as when Zoey used the board to report the professor’s response to Abigail. 
Josh used the white board for this purpose during the simple instruction, elaborated 
instruction, and guided discussion examples shared in Tables 5.5, 5.6, and 5.8.
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One resource of particular interest that was consulted or cited repeatedly over the 
duration of the observed study sessions, as well as reported in the interviews and on the 
journal entries, was the professor. The students were observed to use the professor for 
guidance in getting started on a problem, for the verification of potential solution 
strategies, and for confirmation that an answer was correct. These intended utilizations 
were expressed through student discourse as they engaged in the macrotasks of 
deciding to ask the professor a question and doing problems. While students were 
engaged in doing problems, the professor was typically cited as having shared 
information regarding a problem with a particular individual, not acting as an ambassador 
for the group at the time, during office hours.
Students were not observed using either the professor’s online text or any other texts 
during the sessions. Old exams, review exam problems, classroom activities, and notes 
were often consulted, typically because they contained problems that bore some 
resemblance to the problem being worked on. Through the data alone it is unclear why 
students sought those problems out. In some instances the students appeared to use 
the worked out problems as templates, as evidenced by Abigail during the answer check 
in Table 5.12 when she referred to modeling her solution strategy on the procedure 
given in class. At other times, the students appeared to use these resources in order to 
explore how the strategies worked and inform their current solution strategies.
6.3. Implications For Future Research 
The findings of this study provide a more in depth description of what transpires 
outside of the classroom in student self-formed mathematics study groups. In particular, 
this project makes two valuable contributions to the realm of research on how students 
study outside of the classroom.
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First, this project provides a method for accessing student groups outside of the 
classroom in order to observe their interactions first hand. As group interactions 
performed in the classroom may be affected by the presence of the instructor or the 
teaching assistant, it is necessary to find a way to access groups of students outside of 
the classroom in order to be able to describe their actions. However, gaining access to 
the dormitories, libraries, or other public access places where the students may gather 
pose another set of obstacles to data collection. By creating an intermediate location, 
this study managed to circumnavigate both sets of issues.
Thus research that seeks to further explore and describe what transpires in student 
study groups outside of the classroom may find it beneficial to create study spaces with 
accessibility that is limited to its population of interest. Though there are drawbacks, 
which will be addressed in detail below in the Limitations section of this chapter, the 
utilization of such a space provides a means for observing student interactions without 
the presence of the professor. With the additional data collected through interviews and 
journal entries, the researcher will be able to generate rich descriptions of whichever 
aspect of studying he is pursuing.
The second major contribution of this study is the identification of macrotasks and 
microtasks to describe what transpires within the study space. Taken as activities in 
which enactments of the social and sociomathematical norms identified by Yackel and 
Cobb (1996) may arise, the collections of macrotasks and microtasks begin to provide a 
basis for which tasks may be specific to the course material the students are studying, in 
this study it appeared that the macrotasks of getting situated, assignment (HW) 
planning, session planning, checking the group’s status, filling out journal entries, 
planning future study sessions, off-topic discourse, and recognizing off-topic talk were 
independent of the course content as nothing appeared to be specific to the
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mathematics the students were working on. In fact, the macrotask of filling out journal 
entries was specific to the context of the study rather than typical of study sessions for 
any course. However, the macrotasks of problem-solving, deciding to ask the professor 
a question, reporting on the professor’s response, and discussing the homework write-up 
all had the potential to be specific to mathematics. This is because it was during these 
macrotasks that students had the opportunity to demonstrate negotiation of 
understanding the material, justification of solution strategy, determination of acceptable 
arguments, and several other sociomathematical norms.
6.4. Implications for Theory and Methodological Approaches
Rogoff (1991, 2003) spent a significant amount of time carefully situating her work in 
order to be able to draw upon the theories of both Piaget (1995) and Vygotsky (1978). 
This allowed her to address how guided participation could work both as the 
collaboration of equal peers and through the interactions of peers with varying levels of 
expertise. The findings of this study confirm the importance of this balance, as it exists 
even at the undergraduate level. Multiple situations arose throughout the course of this 
study that depicted guided participation at both levels, many of which I addressed in my 
discussion of microtasks.
In a similar vein, this study offered one way to view the application of Lave and 
Wenger’s (1991) communities of practice within a school environment. In the introduction 
of Situated Learning: Legitimate Peripheral Participation, Lave and Wenger make clear 
the difficulties inherent in applying their theories to a formal education setting that claims 
to teach skills and knowledge out of context while actually representing a context in 
itself. At the university level at which the students are engaged it is often speculated that 
students are actually in apprenticeships to enter the fields of their respective majors.
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Thus Lave and Wenger’s perspectives on mentor-apprentice relations can be used as 
one way to explain the various student utilizations of the professor as a resource.
With respect to methodological approaches, this project makes two important 
contributions. First, it presents a means for describing student activities at two levels: 
macrotasks and microtasks. The utilization of such terminology both evokes the idea that 
these codes describe the actual activities the students engage in while the prefix shows 
how these activities may be nested within each other. This language could prove useful 
in other ethnographic studies that seek to describe observed phenomenon at several 
levels of depth.
The second contribution to methodological approaches that is made by this study is 
the creation of a method for gaining access to student study groups outside of the 
classroom. This study showed that it is possible to develop a designated study space for 
students to use in order to better control mitigating factors such as obtaining informed 
consent from all individuals that enter the space. While the designated study space’s 
location was not as desirable as the publicly accessible study lounge across the hall 
from the professor, this did not prevent students from utilizing the space. Additionally, 
this study showed that the designated study space’s location within an academic 
building, while potentially making it feel slightly more formal than using a lounge in the 
dormitories for the purpose of a study session, was also not an impediment to student’s 
willingness to utilize the space. Hence this contribution to methodology provides studies 
in other disciplines a way to observe students studying together in groups outside of the 
classroom, if students are likely to study that discipline’s course content in groups.
6.5. Implications For Practice
This study contributes some ideas for practice as well. As Forman writes, The 
assessment of mathematical learning needs to take into account children’s out of school
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as well as in-school experiences” (2003, p. 337). Thus, the information gathered in this 
study has the potential to inform teachers as to what sorts of experiences students may 
be having out of school so that they may better meet the needs of their students. This is 
especially important in light of the implicit expectations of many professors that students 
do the majority of their learning outside of the classroom (Pemberton, et. al., 2004; Wu, 
1995).
Outside of the classroom, the self-formed student study groups are not assigned a 
specific task to accomplish and typically do not feature the presence of an instructor or 
teaching assistant. The language the students used to communicate within the group 
was less mathematically formal and the decision of how to approach the self-imposed 
task of studying was negotiated within the group. In this more relaxed environment, 
students were less cautious about speaking up to fill in their gaps in knowledge while 
other students attended the session to test their understanding by explaining solutions to 
their peers and requesting feedback. As a result of this setting, this study contributes two 
observations to instructors.
First, instructors should be aware of the types of roles that arise while students work 
together outside of the classroom. While these roles are not distinct from those typically 
assigned during in class group work, their enactment outside of the classroom can be 
problematic. For instance, the role of facilitator appears to emerge to replace the lack of 
a teacher or teaching assistant to immediately provide feedback on the group’s work. 
This study has shown several examples of a seemingly effective facilitator leading his 
peers through the problems.
What this study does not address is whether the facilitator was correct in the prompts 
and explanations he shared to the group. While the facilitator was typically an individual 
that felt confident in his answer or the material that was covered on the assignment there
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was no guarantee that his confidence was well-founded. Thus instructors should be 
aware that in their absence, students turn to the next most confident source of authority.
The other issue that instructors should be aware of is that students are not 
necessarily exhibiting the problem-solving behaviors outside of class that it is supposed 
they do. That is, despite the postulation that student behavior is learned in the 
classroom, especially during group work activities, and can be influenced by behaviors 
modeled by the instructor (Yackel & Cobb, 1996), outside of the classroom students 
appear to resort to the methods of verification that they are most comfortable with. In this 
case, the project showed that despite the inquiry-based nature of the course they were 
enrolled in, the students still enacted a very procedural approach to verifying their 
answers and solution strategies. In light of this, if an instructor wants his students to 
engage in more conceptual dialogue outside of the classroom he may find that he has to 
do more than implicitly demonstrate the behavior in class. It may be that the instructor 
needs to draw the students’ attention to the activities and discourse demonstrated in 
class in order to introduce changes in the students’ behaviors outside of the class.
Knowing what students do when they work exercises and problems outside of the 
classroom can give real insight into why they develop the knowledge that they do 
because it demonstrates the solution strategies the students have at their command. 
Students that know they can find the answers they need from their peers, from a text, or 
from a website may feel more empowered than a student who has none of those 
strategies and is still reluctant to speak up in class. At the very least this knowledge 
could cause a re-evaluation of the value of class time and classroom activities.
6.6. Limitations of the Study 
Overall, the generalizability of this study has yet to be tested. Given the nature of the 
course the participants were enrolled in, there is the potential that the identified sets of
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macrotasks and microtasks are not a completely representative sample. This could be 
improved by analyzing additional study sessions where students prepare for other 
mathematics based courses in order to assess how readily the macrotasks and 
microtasks span the data set.
While the journal entries did provide additional insight into the study sessions, there 
were several prompts that did not elicit the intended information. For instance, it is clear 
that the “Who did you work with in a group today?” prompt was too vague and turned 
into a prompt for recording attendance rather than the individuals the student truly felt 
she worked with.
Another prompt that needs to be rethought is the Likert-scaled question asking the 
students to rate the statement ‘Today’s study session was helpful.” Absolutely no 
student disagreed strongly with the statement over the course of the entire semester 
there was only one instance where the student disagreed with the statement. Despite the 
follow up question paired with it, “What was it about today’s session that made you feel 
that way?” very little insightful data was produced as to what contributed to a study 
session being considered helpful. In response to a prompt given during the second 
round of interviews to talk about how they made a determination regarding the 
helpfulness of a study session, the students typically stated that as long as they had 
made progress in getting problems done they were satisfied with how the study session 
went.
The final consideration for limitations of the study comes from the designated space 
itself. The first issue is that the wireless access within the space chosen was frequently 
nonexistent. This may have impacted how students utilized their laptops or verified their 
answers since much of the software they would potentially access required Internet 
connectivity to obtain licenses. The other issue is that while the space is located outside
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of the classroom, it still bears a formality that is not typically present in the dormitories 
where students may do much of their studying. Thus, there is still a potential classroom 
ambience associated with the room that may have impacted the students’ exhibited 
behaviors.
6.7. Directions for Future Research
Despite these limitations, this study lays the groundwork for a variety of future 
studies. First there is establishing the generalizability of this study’s results. As the 
participants of this study were drawn from an inquiry-based classroom setting where 
working in groups was encouraged, it is worth repeating the study with students who are 
enrolled in a more traditional, lecture-based classroom settings as well as in a similar 
setting to this study in order to verify or challenge my findings. It is possible that there 
are macrotasks, microtasks, and roles that were not found by this study that will emerge 
from this other population.
Another study could focus on how students utilize the materials they bring with them 
to study sessions. While this study contributed to what resources students have been 
observed using in the act of studying, I was unable to determine how the students used 
those materials from my data. Thus a follow up study is needed to address this 
remaining gap in knowledge.
A third possible study could look into how the macrotasks and microtasks identified 
by this study compare to those that arise in study sessions for different courses. That is, 
many of the macrotasks identified in this study were found to be not specific to the 
mathematical nature of the course content the students were studying. Thus a 
comparison between students studying mathematics and students studying for another 
STEM-content course could yield further insight into what whether the previously
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identified macrotasks are truly not content specific and whether there are other activities 
that occur, not previously identified, that are mathematically specific.
Finally, a study could be designed to take on the question of group efficacy. One way 
to approach this idea would be through the preparation of an expert-novice study. The 
researcher could observe how mathematicians work together on a set of problems and 
see what commonalities arise in the set of identified macrotasks and microtasks.
The study I have presented in this dissertation has laid the foundation for a myriad of 
additional studies. While it was tempting to start trying to draw relationships between 
roles assumed while working together and performance in the classroom, that was 
beyond the scope of this study. Nor was design of this study conducive to answering 
such a question. However, by offering an idea of what goes on in student self-formed 
study groups through the examination of the roles that arose and what materials were 
utilized, I have provided a starting point from which to ask questions such as how can we 
encourage students to make their studying groups more effective. Clearly there is still 
much to be address concerning students and how they prepare themselves for their 
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Sample of the informed consent letter distributed to participants with potentially
identifying information removed.
I n s t it u t io n a l  Re v ie w  Bo a r d  fo r  t h e  Pr o t e c t io n  o f  H u m a n  Su b jec ts  in
R e s e a r c h
Dear student:
I am a graduate student entering my fifth year in the Mathematics Education PhD 
program at the University of New Hampshire. For my dissertation work, I am interested 
in looking at what students do while studying together in self-formed mathematics study 
groups. I am writing to invite you to participate in this project.
The purpose of this study is to develop a description of what a student study group looks 
like in action. This will be accomplished by looking at what roles may arise within the 
group and how those roles change over time. I will also be observing what resources, 
such as textbooks, whiteboards, or laptops, are used by students while studying, and how 
those resources are being used.
You must be 18 years of age or older in order to participate. The maximum number of 
participants in this study will be 40 students. Participation in this study involves 
engaging in the following activities: being observed while working in a study group of 
your choosing, completing short journal entries about the study session, and participating 
in no more than 2 interviews over the course of the Fall 2011 semester. You may choose 
to engage in all three activities or only the subset of activities with which you are most 
comfortable.
Being Observed
In order to see how students work together as a study group, I will be video­
recording and audio-recording groups of students as they work together in a 
designated study space. I, as the lead researcher, will be present to observe these 
interactions in person and take notes on what I see.
A designated study space will be available on a regularly scheduled basis that 
you, and your group, are welcome to utilize whenever is most convenient for you. 
You are not required to be present in the study space during all scheduled hours, 
however for the purposes of this study it is strongly encouraged that you utilize 
the lab at least once a week throughout the semester. The study space will be 
equipped with tables, a white board or chalkboard, and internet access for laptops. 
Neither the teacher nor teaching assistant associated with your course will be 
present in the allocated study space.
Journal Entries
To provide insight on your study approaches, you will be asked to fill out a
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journal entry at the conclusion of each study session. This includes study sessions 
you conduct outside of the study space as well as those that occurred inside the 
study space. It should take approximately 1 0 - 1 5  minutes to complete a journal 
entry. I have attached a copy of the journal entry form so that you can familiarize 
yourself with what information will be asked of you.
Interviews
To check my interpretations of your observed actions and your journal entry 
answers, you may be invited to participate in two interviews throughout the 
semester. Not everyone that is observed will be asked to participate. Interviews 
will be scheduled with individuals that appear to take on a specific a role within 
their group during the first five weeks of observation. The first interview will be 
scheduled approximately 8 weeks into the semester and the second interview will 
be scheduled approximately 13 weeks into the semester. The exact time and 
location will be negotiated to work within the limitations of your schedule.
During the interview you will be asked to review video clips from study sessions 
you participated in and to reflect on journal entries you have submitted. You will 
only be shown clips from sessions that you attended. You will also be asked to 
reflect on your study experiences overall and factors that effect those experiences. 
All interviews will be video-recorded.
The potential risks of participating in this study are anticipated to be minimal. Although 
you are not anticipated to receive any direct benefits from participating in this study, 
possible side benefits to you are the opportunity to reflect on your study habits and 
learning processes. The benefits of the knowledge gained are expected to lead to further 
study in the field of undergraduate mathematics regarding student study habits and 
collaboration outside of the classroom setting.
Participation is strictly voluntary; refusal to participate will involve no prejudice, penalty, 
or loss of benefits to which you would otherwise be entitled. If you agree to participate 
and then change your mind, you may withdraw at any time during the study without 
penalty. Refusal to participate in, or withdrawal from, the study will have no impact on 
your class grade or standing.
The researcher seeks to maintain the confidentiality of all data and records associated 
with your participation in this research. You should understand, however, there are 
rare instances when the researcher is required to share personally-identifiable 
information (e.g., according to policy, contract, regulation). For example, in response 
to a complaint about the research, officials at the University of New Hampshire, 
designees of the sponsors), and/or regulatory and oversight government agencies 
may access research data. Further, for those participants that utilize the study space, 
other participants may repeat responses outside the study session. All video- and 
audio-recordings will be preserved for at least 5 years. The video and audio 
recordings will be kept in digital files on the lead researcher’s computer (password
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protected hard drive) along with a back-up copy on a second password protected hard 
drive. All interviews and study sessions will be transcribed. The transcripts will be 
preserved and kept under the control of the research team.
All transcripts will have participant names replaced with pseudonyms to protect the 
identity of the participant. Any reports featuring data from the interviews will utilize 
these pseudonyms. The results of this research may be used in poster sessions, article 
submissions to research journals, and for presentations at conferences. Video clips 
will be shared at conferences provided all individuals depicted in the clip have given 
consent for their image and audio to be shared. De-identified data will be made 
accessible to other researchers as appropriate.
The work will be conducted by me, Gillian Galle, a graduate student in the department of 
Mathematics and Statistics at University. My work will be overseen by Dr. Tim Fukawa- 
Connelly, an Associate Professor in the Department of Mathematics and Statistics at 
UNH. If you have any questions pertaining to the research you can contact Gillian 
Galle, lead researcher on this project, get7@wildcats.unh.edu, or Dr. Tim Fukawa- 
Connelly, project advisor, Tim.FC@unh.edu, to discuss them.
If you have questions about your rights as a research subject you can contact Dr. Julie 
Simpson in UNH Research Integrity Services, 603-862-2003 or Julie.simpson@unh.edu 
to discuss them.
I have enclosed two copies of this letter. Please sign one indicating your choice and 
return it to me. The other copy is for your records. Thank you for your consideration.
Sincerely,
Gillian E. Galle 
Graduate Student
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I have read and understand the information provided above.
Yes, I ,________________________________________ , CONSENT/AGREE to
participate in this research study in the following ways (please check all that apply):
 I am willing to be video recorded while studying.
 I am willing to be audio recorded while studying.
 I give my permission for video clips, and their corresponding audio clips,
containing my image and voice to be shown at conferences.
 I am willing to complete journal entries.
 I am willing to participate in two interviews over the course of this semester.
No, I ,_______________________________________ , DO NOT AGREE to participate in
this research study, but acknowledge that if I choose to study in the observation room out 
of range of the video camera, parts of my audio may be captured in video clips that will 
only be shared with other participants that were also present in the observation room 
during their respective interviews.




Sample of Student Journal Entry
Name: Date:
worked from: .(start time) until .(end time)
Who did you work with today?
Whose idea was it to study today?












I used the 
following 
materials: 













(Please list sites visited 
on the back of this 
page)
Other (please specify):
Please indicate whether you agree or disagree with the following statement: 
Today’s study session was helpful."
Strongly
Disagree Disagree Neutral Agree
Strongly
Agree
1 2 3 4 5
What was it 
about today’s 
session made 




Affiliation matrix for all observed and reported study sessions. The rows represent 
the participant’s attendance and the columns represent the reported or observed 
session. The reduced affiliation matrix used for the creation of the comembership matrix 
of small group study sessions is the same matrix, minus the columns: LHR1, LH01, 
LH02, LE01, LE02.
Row identifiers appear on each of the following page to assist with reading the 
matrix. The code for column headings is as follows: Large or Small; Homework, Practice, 
or Exam; Reported or Observed; Session Identifier Number.
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SH01 SH02 SH03 SH04 SH05 SH06 SH07 SH08 SH09 SHO10 SH011 SH012 SH013 SH014 SH015 SH016 SH017 SH018
soo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S01 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S02 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1
S03 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
S04 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
SOS 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S06 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
S07 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S08 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
S09 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S11 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0
S12 0 1 1 1 0 0 0 0 1 1 0 0 0 1 1 0 0 0
S13 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0
S14 0 0 1 0 1 0 0 0 0 0 1 1 0 1 1 0 0 0
S15 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 1 1
S16 0 0 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
S17 0 0 1 0 0 0 0 0 0 0 1 1 0 0 0 1 0 0
S18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S19 0 0 1 0 1 0 0 0 0 0 1 1 0 1 1 0 0 0
S20 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S21 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S22 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
S23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SH019 SHO20 SH021 SH022 SH023 SH024 SHR1 SHR2 SHR3 SHR4 SHP01 SHP02 SER1 SER2 SER3 SER4 SERS SER6
soo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SOI 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S02 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 1
SOS 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S04 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SOO 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S08 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S09 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
S10 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
S11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S12 1 1 1 0 0 0 1 1 1 0 1 1 1 1 1 1 1 0
S13 0 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 1
S14 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SIS 0 0 0 0 0 1 0 0 0 1 0 0 0 1 0 1 0 1
S16 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
S17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S19 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
S20 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
S21 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
S22 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
S23 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 1
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Comembership matrix for only observed and reported study sessions categorized as
small.
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»v »v » ' |W,WjW)W,W|V|W,W,W,W,VJj^W||Vj I W}W|W)VjV(W,V}W,W)6., I y-T,VSyVS, * I I |V|W jVjV| I y j  y ^VS J VS y VS j &-) ■ |W) 
1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0], [0,0,0,1,1,0,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0], [0,1,0,0 
,0,2,0,0,0,0,0,1,2,0,0,0,0,0,0,0,0,0,0,0],[0,0,0,1,1,0,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0],[0, 
0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0], [0,0,0,1,1,0,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,






#Zero out the diagonal entries of the matrix 
for i in range(24): 
comembership[i,i]=0
#Create a graph out of the comembership matrix 
GroupGraph=Graph(comembership, weighted=True)
#Create slide with interaction capabilities for exploration of c-levels 
@ interact
def find_cliques(k=(1,35,1)):
#Here is the key: the subgraph method takes a function which returns 
#True for edges we keep.
#e[0] and e[1] are the two vertices in the edge, and e[2] is the weight.
H=GroupGraph.subgraph(edge_property=lambda e: e[2]>=k)
print "Deleting edges with weights less than ",k
#This shows the graph with the edges cut, not the cliques
H.show(figsize=15,edge_labels=True)
print "Maximal cliques: ",H.cliques_maximal()
#Get the array of cliques from cliques_maximum()
G=H.cliques_maximal()
#Display the cliques 




The table that was input into JMP 10 for the two-mode analysis technique of 
correspondence analysis is 1013 rows by 3 columns. To conserve space it is presented 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Homework Assignment worked on for the duration of the observed study sessions
A1.A2, B1.B2, and C1
Lines, Planes and Vector Valued Functions
1. (1 point) A water main is headed due North with a vertical incline of |  radians. 
At a corner this water main turns due East, but the vertical incline of the piping is 
changed to j  radians. Express the directions of the different sections of pipe as three 
dimensional vectors in an appropriate coordinate system, and determine the actual 
angle between the two section of pipe.
2 . (1  point) Let U i and U2 be orthogonal vectors. If we define:
Check whether any of the pairs of these vectors are parallel, perpendicular or neither.
4. (1 point) Find the minimum distance between the point p =  (1,1,3) and the line 
defined by the vector equation:
5. (1 point) Find the equation of the plane passing through the three points P  = (1,0,1), 
Q = (2,1,0), R = (3,0,0).
6. (2 points) Consider the following plane:
4(x -  1) + 2(j/ -  1) — 3(2 + 1) = 0
Construct a second plane which does not intersect this plane, but passes through the 
point (1,1,1). Find the distance between these two planes.
v =  OUi +  /3U2,
then compute (v ■ u i).
3. (1 point) Consider the vectors:
u = [3 ,l,-2 ]r , v = ( - l , l ,2 ] r , w  = [1 ,-1 ,-2 ]t ,
1
203
7. (1 point) Consider the following vector valued function:
Calculate the tangent vector for this curve at the point t -  2. What is the ‘speed’ at 
that point?
8. (2 points) Let r(t) be a smooth, vector valued function of t and let f ( t )  be a smooth 
scalar function of t. Determine an appropriate differentiation rule for taking a scalar 
multiple of a vector valued function:
Use your rule to compute the derivative of an appropriate example (a helix would 
be a reasonable vector valued function, while you could use a polynomial as a scalar, 
the choice, however is up to you).
Conceptual Problems:
9. (2* points) Consider the following two skew lines;
Find the minimum distance between these two lines. (Hint: this is more complex than 
the problems presented in class, try to formulate the problem either geometrically or 
using calculus)
10. (2* points) Consider a particle traveling around the unit circle:
vectors, determine whether these vectors are orthogonal to one another.
(c) Change your parametric equations so that the particle travels in the opposite
i  + IT = 1
(a) Determine a set of parametric equations describing this motion




11. Consider the experimental tank draining problem considered in class. We were in­
terested in studying the change in water height at different times when we let the 
water leak out of a small hole. When considering a cylindrical tank with a uniform  
circular cross section, we used both energy and dimensional considerations to deduce 
the following initial value problem for the height of water in the tank.:
g  m  = ho
< tt A x  aec
(a) (2* points) Solve this differential equation exactly for the following set of pa­
rameters (The R’s refer to radius and L  is the distance between two white lines 
on the grid attached to the cylinder:
Rttmk Rhole g
T T  0.225 L 1198 L/set?
Once you have the exact solution to this initial value problem, use the video 
file ‘Torricelli.mov’ to extract a data set of heights and times (You should also 
use the movie to determine the initial condition hB measured in lines. Each 
data point provides you with an estimate of the unknown constant parameter, 
k. Use linear regression (in this case, just arithmetic mean) to determine the 
best fit value of the parameter, k. (For grading purposes you should include 
your solution with all parameters plugged in, along with a short print out of 
your data and k estimates for each data point.)
(b) (2* points) Apply your model to a new situation. ‘Cylinder X’; and 'Cylinder Y’ 
are located in my office. Stop by and take any necessary measurements for each 
cylinder to fully specify your model. Take your estimate for k from the previous 
problem and use it to make predictions about the amount of time required for 
each of these cylinders to empty (To avoid any messiness both full and empty 
conditions will be specified on the cylinders themselves). We will perform an 
experimental trial during class using each cylinder. In order to get credit for this 
problem, your model must predict the correct emptying time to within ±2sec 
of the actual emptying time.
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(c) (2* points) Water-Clock problem: Design a shape for a water tank which has 
the property that:
dh—  = constant dt
(Hint: There are multiple approaches to this problem, some are amenable to 
hand computation, while others may require numerical simulation, it is possible 
to solve this problem exactly by hand. TYy to formulate the governing equation 
in different ways. Choose your variables wisely so as to give a simple differential 
equation, then work out the consequences based upon the desired condition).
(d) (4* points) Actually build such a water-clock.
206
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